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STUDIES OF HYDROXYL SUBSTITUTED GUAIACYL COMPOUNDS! 


E. A. KVASNICKA AND R. R. MCLAUGHLIN 


ABSTRACT 


A new identification reaction for the distinction between a- and B- or y-substituted guaiacyl 
derivatives is described. Relations between structure and distribution coefficients are given 
and a deviation from Reichl’s rule noted. The synthesis of 1-(8-methoxy-4-hydroxyphenyl)-2- 
propanol is described. 


In continuation of the identification of spruce sulphite liquor components (3) it became 
of interest to develop a method for the identification of lignin degradation products which 
contain aliphatic hydroxyl groups. As a beginning, the series of 3-methoxy-4-hydroxy- 
phenyl propane compounds containing hydroxyl groups in the side chain was selected. 
For this purpose 1-(3-methoxy-4-hydroxyphenyl)-2-propanol was prepared by the re- 
duction of the corresponding ketone, 1-(3-methoxy-4-hydroxyphenyl)-2-propanone. The 
other members of the series were already available. 

It was found that diazotized p-nitraniline fluoborate and diazotized sulphanilic acid 
give color reactions with this series which permit a distinction to be made between the 
a-hydroxy compounds and the 8- or y-hydroxy compounds. Further, this color differenti- 
ation is not confined to the hydroxyl derivatives, but is valid also for compounds con- 
taining a carbonyl group in the a, 8, or y position in the side chain. These facts are illus- 
trated in Table I. 


TABLE I 
COLOR REACTIONS OF SOME GUAIACYL DERIVATIVES 











Color with Color with 

Reagent a-substituted derivatives - or y-substituted derivatives 
Diazotized 

sulphanilic 

acid Orange Red 
Diazotized 

p-nitraniline 

fluoborate Purple Gray blue 


Derivatives tested (R = 3-methoxy-4-hydroxyphenyl group): 


R-CH,OH R-CH2-CHOH-CH; 
R-CHOH:-CH; R-CH2-CH2:CH20H 
R-CHOH:-CH:2-CH; R-CH:2-CO-CH; 
R-CHO R-CH2-COOH 
R-CO-CH; R-CH2-CH2-COOH 
R-CO-CH2-CH; 

R:-CO.-H 





1 Manuscript received in original form November 14, 1955, and, as revised, June 26, 1956. 
Contribution from the Department of Chemical Engineering, University of Toronto, Toronto, Ontario. 


105 





106 CANADIAN JOURNAL OF CHEMISTRY. VOL. 35, 1957 


Ry values for the hydroxyl substituted compounds were determined from a large 
number of paper chromatograms, and from these the corresponding values of the ex- 
pression log Rr/(1—Ry) were calculated. According to Reichl (4), in an homologous 
series such values consist of the sum of constants for each group in the molecule. Conse- 
quently, in such a series if the value for the first member in the series and the constants 
for each of the substituent groups be known, then the R, value for a particular member 
of the series can be calculated. For the series studied here this is only partially true, for, 
as shown in Table II, whereas the value of log Rr/(1—Rr) changes uniformly as one and 


TABLE II 


RELATIONSHIP BETWEEN LENGTH OF SIDE CHAIN, POSITION OF HYDROXYL GROUP, 
AND VALUE OF LOG Rp/(1—Rp) FOR CERTAIN GUAIACYL COMPOUNDS 











Position 
of R R R 
= Compound Rr _ Log ke Compound Rr Log Rr Compound Rr Log Le 
a R-CH:-OH 0.06 —1.19 R-CHOH:-CH; 0.17 —0.69 R-CHOH:-CH:2-CH; 0.39  —0.19 
R-CH:-CH.OH 0.10  —0.95 R-CH:2-CHOH:CH; 0.26 —0.45 
¥ R-CH2-CH2-CH:0H 0.20 —0.60 





ae so 


then two methyl groups are added to the side chain, as shown horizontally opposite ‘a 
and ‘‘g”’, it does not remain constant (as according to Reichl it ought to do) since the 
hydroxyl group is moved from the a to the 6 to the y position, as shown by the two right- 
hand vertical columns. Probably this is because of interaction between the hydroxyl 
group and the substituted benzene nucleus. 

Ultraviolet spectra failed to provide a means of differentiation. The compounds exam- 
ined were (R = guaiacyl group): R-CH»OH, R-CH»-CHOH:-CH;, R-CH2-CH2-CH20OH, 
R-CH::-CO-CH3, R-CH2-CH2-COOH. All showed maximum absorption in 95% ethanol 
at 280.5-281.6 mu which shifted to 294-297 mu in N potassium hydroxide. The isosbestic 
points were in the ranges 283.2—286.5, 267.7—269.2, and 231—231.8 mu. 


EXPERIMENTAL PART 


Preparation of 1-(3-Methoxy-4-hydroxyphenyl)-2-propanol 

Vanillyl methyl ketone (6.5 g., 0.36 mole) was dissolved in 50 ml. methanol and 20 ml. 
2 N sodium hydroxide was added. The addition of 1 g. sodium borohydride caused a 
slight evolution of gas. The mixture was heated slowly and refluxed for 1 hour on the 
steam bath. After concentration under reduced pressure to 12-15 ml. the solution was 
cooled and 25 ml. water added slowly. Diluted hydrochloric acid was added and the 
mixture extracted four times with 25 ml. portions of chloroform. The extract was shaken 
twice with an excess of sodium bisulphite solution (21%), dried over sodium sulphate, 
and transferred to a bulb tube. After evaporation of the solvent under reduced pressure, 
the residue was distilled (air bath, 130—150° C., 0.5 mm.) to yield an almost colorless, 
viscous liquid which solidified after a few hours. Yield: 5.27 g. (80%); m.p. 36-37° C. 

Found: C, 66.02; H, 7.82; OCHs3, 17.12. Calc. for CioHuO3: C, 66.07; H, 7.71; OCH, 


16.94. 
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Color Reactions 


(a) A 1% solution in acetone of diazotized p-nitraniline fluoborate was sprayed on the 
chromatogram, followed by treatment with alkali. 

(6) Diazotized sulphanilic acid, prepared according to Koessler and Hanke (2), was 
sprayed on the chromatogram, followed by treatment with alkali. 

Ry values for the compounds listed in Table II, and the method of measuring them, 
are recorded by the authors (3), with the exception of the value for 1-(3-methoxy-4- 
hydroxyphenyl)-2-ethanol, which was found by the method used in the reference just 
cited to be 0.10. 

U.V. spectra were determined with a Beckmann Spectrophotometer (Model DU). 
Isosbestic points were determined by superposition of the neutral and basic (1 g. KOH /1.) 
spectra and of several spectra of solutions with intermediate pH values (1). 
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CONSTITUTION OF A DEGRADED POLYSACCHARIDE FROM WHEAT 
BRAN! 


J. ScumoraK,’ C. T. BisHop, AND G, A, ADAMS 


ABSTRACT 


Graded acid hydrolysis of a soluble wheat bran hemicellulose containing L-arabinose 
(50%), D-xylose (38.5%), and D-glucuronic acid (9.0%) preferentially removed the L-arabinose 
giving an insoluble acidic polysaccharide in approximately 25% yield by weight. Methylation 
studies, periodate oxidation data, and hypoiodite end group estimations showed that the 
degraded polysaccharide was composed of repeating units of 7-8 D-xylopyranose residues 
joined by 6,1—4 linkages. To this repeating unit, one D-glucuronic acid unit was attached by a 
1-2 glycosidic bond. The cellulolytic enzyme of Myrothecium verrucaria, which is specific for 
8,1—4 glycosidic linkages, hydrolyzed the degraded polysaccharide although it had no effect 
on the parent hemicellulose. 


A previous examination of a polysaccharide from wheat bran (3) showed that it 
was a complex polysaccharide containing L-arabinose, D-xylose, and p-glucuronic acid 
residues. The bran polysaccharide differed from other polysaccharides of the wheat 
plant including those from flour (14), straw (1), and leaf (2), by reason of more branching 
and the presence of more L-arabinose than D-xylose (3). The predominance of L-arabinose 
made it difficult to determine the mode of linkage between the smaller number of 
p-xylose residues by periodate oxidation and methylation studies. Partial acid hydrolysis 
followed by studies of enzyme action seemed to indicate that the xylan portion of the 
bran polysaccharide was structurally different from the other xylans isolated from the 
wheat plant (3). Therefore, to complete the investigation of polysaccharides of the 
wheat plant, it seemed desirable to attempt the isolation of a representative fraction 
of the xylan portion of the wheat bran polysaccharide and the determination of its 
structure. The results of this work are reported here. 

In the previous investigation (3) a small amount of hexosan material was separated 
from the main portion of the pentosan hemicellulose by solvent fractionation of their 
acetates. However, the pentosan portion of the hemicellulose, which formed the starting 
material for the present investigation, did not yield more than one polysaccharide by 
any of three fractionation procedures. In the present work, two further attempts were 
made to see if more than one polysaccharide could be obtained from the arabinose-rich 
pentosan of wheat bran. The pentosan yielded identical fractions when fractionally 
precipitated by ethanol from water at pH 6.0 or 3.0 and electrophoresis of the pentosan 
in borate buffer revealed only one large band. It has already been shown (4). that the 
uronic acid units in wheat bran hemicellulose are linked glycosidically to the xylan 
portion of the polysaccharide and if the L-arabinose had been present as a separate, 
distinct araban, then electrophoresis should have shown two bands, one caused by the 
acidic xylan and one by the neutral araban. These results, together with those of the 
fractionation experiments, strongly suggested that in the pentosan portion of wheat 
bran hemicellulose the units of p-glucuronic acid, D-xylose, and L-arabinose are linked 
together in one polysaccharide. 


1Manuscript received October 4, 1956. ; ss ; 
Contribution from the Division of Applied Biology, National Research Laboratories, Ottawa 2, Canada. 


Issued as N.R.C. No. 4170. . a 
2National Research Council of Canada Postdoctorate Fellow, 1954-55, 1955-56. 
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To examine the structure of the xylan portion of the polysaccharide, it was necessary 
to reduce the arabinose content to a trace level. Partial hydrolysis by oxalic acid, under 
conditions established by a series of preliminary experiments, removed essentially all 
of the L-arabinose units, leaving a degraded acidic polysaccharide. The L-arabinose 
residues were split from the hemicellulose as monosaccharide units but the amount of 
D-xylose removed as such was relatively small. However, a considerable amount of D- 
xylose was removed by partial hydrolysis and must have been split off as dialyzable 
oligosaccharides because the yield of degraded acidic xylan (25.4%) was approximately 
equivalent to only 50% of the p-xylose present originally. The considerable decrease in 
degree of polymerization (D.P.), 300 to 7-8, caused by partial hydrolysis was further 
evidence of extensive molecular degradation. However, the D.P. estimations were 
based on reducing end group determinations and, being number average values, were 
measurements of the repeating units only and not of particle size. Therefore, it was 
felt that the residual acidic xylan, although severely degraded, could be regarded as 
reasonably representative of the xylan portion of the wheat bran polysaccharide. 

Although the original polysaccharide was soluble in water, removal of the L-arabinose 
units resulted in complete water insolubility of the residue. These results are similar 
to those found by Perlin during a study of wheat flour pentosans (14) and were explained 
by the hypothesis that removal of L-arabinose side chains permits a closer association of 
the residual straight chain xylan resulting in a less soluble aggregate. 

When oxidized by periodate, the degraded acidic xylan consumed 1.03 moles of perio- 
date and yielded 0.46 moles of formic acid per mole anhydropentose unit while the 
undegraded hemicellulose had consumed 0.59 moles of periodate with the concurrent 
release of 0.18 moles of formic acid per anhydropentose unit. These increased values 
for periodate consumption and formic acid production were undoubtedly caused by the 
creation of more vicinal hydroxyl groups and more terminal units brought about by the 
removal of L-arabinose side chains and degradation of the xylan molecules. 

The cellulolytic enzyme isolated from the mold Myrothecium verrucaria (16) hydrolyzed 
wheat straw xylan (5) but did not attack the pentosan from wheat bran even when 
70% of the L-arabinose had been removed (3). However, removal of more L-arabinose 
resulted in a gradual increase in enzymic attack on the xylan residue by which a con- 
siderable quantity of oligosaccharides of D-xylose were liberated (Table I). It has been 
shown previously that the purified enzyme preparation used here is quite specific for 
8,1—4 linkages between D-glucose (16) or D-xylose (5) residues. It was therefore con- 


TABLE I 
ENZYMIC HYDROLYSIS OF BRAN HEMICELLULOSE PREPARED BY GRADED ACID HYDROLYSIS 
(Substrate concentration, 1 mg. hemicellulose per ml.) 














Duration of graded acid ug. reducing sugar* produced by enzymic action 
hydrolysis, hr. 
0 hr. 2 hr. 4 hr. 
0 0.010 0.050 0.054 
2 0.024 0.091 0.098 
4 0.034 0.124 0.135 
6 0.045 0.175 0.180 
8 0.049 0.189 0.196 
10 0.054 0.224 0.230 





*Calculated as glucose. 
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cluded that the p-xylose residues in the degraded acidic xylan from wheat bran were 
linked 8,14 and that in the original hemicellulose, enzymic attack on these linkages 
was hindered by the large amount of L-arabinose present. In the previous investigation 
on wheat bran hemicellulose (3), resistance to enzyme action of the polysaccharide from 
which 70% of the L-arabinose units had been removed was attributed to a xylan structure 
different from the 8,1—4 type found in wheat straw and leaf. 

The degraded acidic xylan from wheat bran was methylated and the methyl ether 
was fractionated. All fractions were identical so the methylated polysaccharide was 
methanolyzed and hydrolyzed to yield the following components: (1) 2-O-(2,3,4-tri-O- 
methyl-p-glucuronosyl)-3-O-methyl-D-xylose, (2) 2-O-methyl-D-xylose, (3) 2,3-di-O- 
methyl-p-xylose, and (4) 2,3,4-tri-O-methyl-D-xylose in approximate molar ratios of 
b:O.5:5:1. 

The 2,3,4-tri-O-methyl-p-xylose represented the non-reducing end group of the hemi- 
cellulose and the quantity recovered showed that there was one non-reducing end group 
for every 7-8 anhydropentose residues. The 2,3-di-O-methyl-D-xylose must have arisen 
from D-xylopyranose units linked through C, and C;. The high proportion of this sugar 
showed that the polysaccharide had predominantly a straight chain structure. Con- 
firmation of the identity of the methylated aldobiouronic with that previously examined 
in the original hemicellulose (4) was established from chromatographic evidence. The 
small amount of 2-O-methyl-p-xylose could have arisen from a branch point in the 
polysaccharide or from incomplete methylation. Because of the difficulty of detecting 
incomplete methylation, the structural significance of 2-O-methyl-D-xylose was difficult 
to assess. 

On the basis of the experimental findings, it is possible to propose a structure for the 
degraded acidic xylan. It consists of repeating units made up of 7-8 D-xylopyranose resi- 
dues joined by 1 — 4 linkages which are presumably in the 6 configuration because 
of the negative rotation of the polysaccharide and its methyl ether. To each repeating 
unit one D-glucuronic acid unit is attached by a 1 — 2 glycosidic bond and yields an 
aldobiouronic acid on hydrolysis. The size of the repeating unit was established by the 
methylation data, periodate oxidation, and hypoiodite end group estimation, all of 
which gave concordant results. The periodate oxidation results agreed with the cal- 
culated values for a straight chain xylan linked 1— 4. Further confirmation of the 
proposed structure was provided by the enzymic hydrolysis results. 

Although the araboxylan of wheat bran has been shown to have a highly branched 
structure, the xylan portion of the molecule is essentially linear and similar to those 
found in other parts of the wheat plant. This general type of xylan structure is common 
to many hemicelluloses (1, 6, 7, 9) and variations in properties appear to be due 
to the nature and extent of the side branches. 


EXPERIMENTAL 
Paper Chromatography 


Chromatographic separations were carried out at 22°+4° C. by the descending method 
of Whatman No. | filter paper using the following solvent systems: (A) ethyl acetate: 
pyridine: water (2: 1:2), (B) n-butanol: ethanol: water: concentrated ammonium hydroxide 
(40:10:47:3), (C) 2-butanone: water (2:1), (D) n-butanol: ethanol: water (5:4:1), and 
(E) n-butanol saturated with water. The sugars were located on the paper by aniline 
oxalate (10) and p-anisidine (11) spray reagents. 
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Fractionation and Analysis of Hemicellulose Fractions 


The hemicellulose was prepared from wheat bran as described previously (3). An 
aqueous solution of the hemicellulose (1%) was clarified by centrifugation, the pH was 
adjusted to the required value (pH 6.0 or 3.0), and the hemicellulose was fractionally 
precipitated by the stepwise addition of ethanol. Fractions were collected over the 
range of 60% through 80% ethanol by volume, washed twice with ethanol—water mix- 
tures of the same composition as the mother liquor, then washed with ethanol, and 
ether, and dried im vacuo over phosphorus pentoxide. Ten fractions were collected from 
the precipitation at pH 6.0 and 11 from that at pH 3.0, the recoveries being 91 and 95% 
respectively. An aliquot of each fraction was hydrolyzed with 0.3 N sulphuric acid at 
100° for 16 hours. The hydrolyzate was neutralized with barium carbonate and chroma- 
tographed in solvent A. Visual inspection showed no apparent difference in the amounts 
of arabinose and xylose in the various fractions. Quantitative determinations of arabinose: 
xylose ratio were made using the method of Flood ef a/. (8) on two representative frac- 
tions recovered at pH 6.0 and pH 3.0 respectively. Neither varied significantly from the 
arabinose: xylose ratio of the original hemicellulose, i.e. 1.0:0.78. 


Electrophoresis 


A 1% aqueous solution of polysaccharide was dialyzed for 48 hours against two 
changes of 0.05 M borate buffer (pH 9.2) and subjected to electrophoresis in a Perkin- 
Elmer apparatus at 5.2 ma. and 5.25 volts/cm. (13). The electrophoretic separation was: 
continued for 4.5 hours and photographs were taken of both the ascending and descending 
arms at the end of 0.5, 2, and 4 hour periods. Examination of the electrophoretic patterns 
showed that only one large band was present. 


Preparation and Properties of Degraded Hemicellulose 

Bran hemicellulose (50 mg.) was heated in a sealed tube at 100° with solutions of 
oxalic acid of various strengths (0.004 N, 0.008 N, 0.015 N, and 0.02 N) for various 
times (6, 8, 10, 12, 14, 16, and 18 hours). At the end of each hydrolysis period, the solu- 
tion was dialyzed free of oxalate ion and the unhydrolyzed portion recovered by freeze 
drying. This material was hydrolyzed with N H2SO, at 100° C. for 15 hours and the 
chromatogram of the hydrolyzate was examined visually for the presence of arabinose. 
The criterion for a suitable product was the removal of arabinose to negligible amounts. 
These conditions were provided by hydrolysis with 0.02 N oxalic acid for 10 hours at 
100° or with 0.015 N oxalic for 18 hours at 100°. The yield of degraded polysaccharide 
under these two sets of conditions varied between 25 and 27% of the original material. 
Although the original hemicellulose was water soluble, the degraded product was in- 
soluble. 

For purposes of structural studies a larger amount of the degraded hemicellulose was 
prepared as follows: Twenty grams of the bran hemicellulose was heated at 100° C. 
with 2000 ml. of 0.015 N oxalic acid for 18 hours. A test of the unhydrolyzed residue 
showed the presence of an appreciable amount of arabinose and a further 3 hour period 
of heating was necessary to remove arabinose completely. The recovered degraded 
hemicellulose had an ash content of 13.5%. The following data were calculated on an 
ash free basis: yield, 25.4%; [a]?> —60°+1° (c, 1.2% in 2% NaOH); uronic acid, 
13%; D.P., 7-8 by hypoiodite oxidation (6). 

Total hydrolysis of the degraded hemicellulose and chromatographic separation of 
the components showed that xylose was the only sugar present; estimation of reducing 
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power by the Somogyi method (15) after hydrolysis showed 85% of the material to be 
xylose (ash free). Electrophoretic examination of the neutral hydrolyzate on paper 
strips in N/40 phosphate buffer at 5 ma./cm. and 900 volts showed the presence of an 
acid which had the same mobility and color reaction with p-anisidine as did glucuronic 
acid. The method did not distinguish between D-glucuronic acid and 4-O-methyl-p- 
glucuronic acid. 


Periodate Oxidation 

The hemicellulose (100 mg.) suspended in water (120 ml.) was oxidized by sodium 
metaperiodate (0.03 WM, 30 ml.) in the absence of light at 16°. At various time intervals 
analyses were carried out for periodate consumption and formic acid production (6). 
The oxidation was essentially complete in 120 hours with the consumption of 1.03 moles 
periodate and production of 0.46 moles formic acid per mole anhydropentose unit. 
Enzymic Hydrolysis 

Samples (15 mg.) of the hemicellulose residues recovered after 0, 2, 4, 6, 8, and 10 
hour hydrolysis with 0.02 N oxalic acid were incubated with a purified cellulolytic enzyme 
isolated from Myrothecium verrucaria (16). The hemicellulose was shaken for 1.5 hours 
with acetate buffer (14 ml., pH 5.0, ionic strength 0.05) and enzyme solution (1.0 ml., 
300 wg. enzyme protein/ml.) was added to each test solution. The solutions were in- 
cubated at 35° C. in baffled flasks in a rotary shaker. Samples (1 ml.) were withdrawn 
at 0, 2, and 4 hours for determination of total reducing power (15). The results are given 
in Table I. Chromatographic examination of one solution (8-hour oxalic acid hydrolvzate) 
after 4 hours enzymic hydrolysis showed a trace of xylose but relatively large amounts 
of xylobiose, xylotriose, and higher oligosaccharides. 
Methylation and Hydrolysis of Methylated Hemicellulose 

Degraded hemicellulose (3.91 g.) was methylated with dimethyl sulphate and sodium 
hydroxide (40%) as described previously (1). After each two successive methylation 
treatments, the partly methylated crude product was recovered by neutralization, 
dialysis, and evaporation. After 12 treatments the product was soluble in methyl iodide 
and methylation was continued with Purdie’s reagent using methyl iodide (50 ml.) and 
silver oxide (5 g.) for each treatment. Three treatments by this method yielded a product 
whose infrared spectrum showed only a trace of free hydroxyl band at 3450 cm.~. On 
drying under reduced pressure the methylated sirup became a crisp yellow solid; yield, 
1.94 g.; OCHs, 38.3% (theoretical value for dimethyl xylan, 38.8%); [a]?§ —40°+2° 
(c, 0.74 in chloroform). Fractional precipitation of the product from its chloroform 
solution by petroleum ether (b.p. 30—60° C.) yielded three fractions which did not 
differ significantly in methoxyl contents or specific rotation, and hence the product was 
considered as a homogeneous material. 
Hydrolysis 

Methylated hemicellulose (50 mg.) was heated with methanolic hydrogen chloride 
(5 ml.; 8%) in a sealed tube at 100° C. for 12 hours. The methyl glycosides were hydro- 
lyzed with hydrochloric acid (10 ml., 0.5 N) for 10 hours at 100° C. The methylated 
reducing sugars were examined chromatograpically on paper using solvent C. Authentic 
samples of D-xylose, 2-O-methyl-D-xylose, 2,3-di-O-methyl-D-xylose, and 2,3,4-tri-O- 
methyl-p-xylose served as reference substances and p-anisidine was the spray reagent 
used. Four sugar derivatives were detected on the chromatogram and tentative identi- 
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fications were made based on color reactions and position relative to known reference 
compounds as follows: Fraction 1, a trimethyl pentose corresponding to 2,3,4-tri-O- 
methyl-p-xylose; Fraction 2, a dimethyl pentose corresponding to 2,3-di-O-methyl-p- 
xylose; Fraction 3, a monomethyl pentose corresponding to 2-O-methyl-p-xylose, and 
Fraction 4, methylated uronic acid. The methylated sugars were estimated by the 
alkaline hypoiodite method (6) and were found to be in an approximate molar ratio of 
1:5:0.5:1. 


Separation of the Methylated Sugars 


The methylated sugars (1.25 g.) obtained by methanolysis and hydrolysis of the 
methylated hemicellulose were separated on a Celite column as described by Lemieux 
et al. (12). The solvent used was butanol saturated with 1% aqueous ammonium hydroxide; 
the base prevented streaking of uronic acid which otherwise moved with the monomethyl 
sugar. The eluted sugars were collected by means of an automatic fraction collector. 
The various fractions were detected by spotting a sample from every fifth tube on a 
chromatogram and developing with solvent B. The preponderance of Fraction 2 caused 
some overlapping with Fraction 1 and necessitated re-running the latter fraction on 
another column. The uronic acid (Fraction 4) was recovered by extruding the Celite 
column and extracting with water. The methylated sugars and uronic acid fraction were 
filtered and taken to dryness at 40° C. 


Examination of Methylated Sugar Fractions 

Fraction 1 

This fraction was clarified of Celite by treatment with charcoal in aqueous solution 
to give a yellow sirup. Using solvent C only a single sugar was shown on a paper chroma- 
togram and the R, 0.86-0.88 corresponded to that of 2,3,4-tri-O-methyl-p-xylose. The 
sirup partly crystallized and recrystallization from ethyl ether containing a small amount 
of petroleum ether yielded 2,3,4-tri-O-methyl-p-xylose, m.p. 89-90° undepressed on ad- 
mixture with an authentic sample, and [a]?® +21°+2° (c, 0.9% in water). 


Fraction 2 

Chromatographic examination of the clarified sirup in solvent B showed only one 
sugar corresponding to 2,3-di-O-methyl-p-xylose (R, 0.67—-0.68, solvent C). Other charac- 
teristics, [a]?§ +24° + 2°; 2° 1.4733; OCHs, 34.8% (calculated for C;H1405: OCH:, 34.8%), 
were the same as for 2,3-di-O-methyl-p-xylose. A crystalline anilide was prepared, m.p. 
123-124°, and its X-ray diffraction pattern was identical with that of 2,3-di-O-methyl- 
N-phenylxylosylamine. 


Fraction 3 

Clarification of the material with charcoal in aqueous solution removed Celite and 
colored substances giving a yellow sirup. Chromatographic examination showed the 
presence of only one component having the same mobility in solvent B as 2-O-methy]l- 
p-xylose (R, 0.24-0.25). The product crystallized from ethyl acetate and after recrystal- 
lization from the same solvent had m.p. 132-133°, [a]?® +33°+2°. 


Fraction 4 

The uronic acid fraction (122 mg.) had an [a]?® = +67°+1° (c, 1.2% in water); 
OCH; = 38.1% (calculated for CigH2s0un: OCH; = 39.2%); equivalent weight: cal- 
culated, 396; found, 421. The uronic acid compound proved to be a methylated aldo- 
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biouronic acid, 2-O-(2,3,4-tri-O-methyl-p-glucuronosy]l)-3-O-methyl-pD-xylose as deduced 
from the following experimental findings. 


The methylated uronic acid component (95 mg.) was converted to its methyl ester 


methyl glycoside by refluxing in methanolic hydrogen chloride (2%). This product 
(96 mg.) was dissolved in dry ethyl ether (25 ml.) and reduced by dropwise addition 
over a period of 2 hours to a stirred suspension of lithium aluminum hydride (300 mg.) 
in ethyl ether (40 ml.). The reaction mixture was heated under gentle reflux for 30 
minutes, cooled, and the unused lithium aluminum hydride decomposed by ethyl acetate 
and water was added to the mixture. The mixture was evaporated to dryness and the 
glycoside of the neutral disaccharide was removed by extraction with ethyl acetate. 
The disaccharide (49 mg.) was hydrolyzed by being heated with N sulphuric acid (3 ml.) 


at 


100° for 8 hours. Removal of the acid with barium carbonate, deionization of the 


filtrate with Amberlite IR-120, and evaporation at 40° yielded a yellow sirup (28 mg.). 
Separation of the methylated sugars on paper chromatograms yielded insufficient material 
for the usual chemical methods of identification and hence identification was based on 
chromatographic data. One sugar was identified as 3-O-methyl-p-xylose, R, 0.25 (solvent 


C) 


, 0.43 (solvent £), 0.52 (solvent D), and 0.66 (solvent A). These R, values were the 


same for an authentic sample of 3-O-methyl-p-xylose and were readily distinguished 
in all solvents, from those of 2-O-methyl-p-xylose. The other sugar was identified as 
2,3,4-tri-O-methyl-p-glucose, R, 0.73 (solvent C), 0.74 (solvent E), 0.85 (solvent D), 
and 0.90 (solvent B), these values being identical with those of an authentic sample of 
2,3,4-tri-O-methyl-D-glucose. 
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AN INVESTIGATION OF THE GAS-PHASE OXIDATION OF ACETALDEHYDE 
BY MEANS OF A RAPID-SCANNING MASS SPECTROMETER' 


L. P. BLANCHARD, J. B. FARMER, AND C. OQUELLET 


ABSTRACT 


A mass spectrometer equipped for continuous sampling and capable of producing 60 spectra 
per second has been used to follow the oxidation of acetaldehyde at temperatures in the 
region of 250° C. in normal slow oxidation peracetic acid was formed and then decomposed 
into carbon dioxide, methanol, and water. Under flame conditions peracetic acid built up in an 
autocatalytic manner during the induction period and vanished suddenly at the onset of the 
flame. Possible reaction mechanisms are discussed. Temperature surges during cool and hot 
flames are estimated. 


INTRODUCTION 


The gas-phase oxidation of acetaldehyde has been the subject of numerous investiga- 
tions both in the temperature range from 100° C. to 200° C. where the reaction lasts 
for minutes or hours (5, 14, 15) and at higher temperatures where it is over in a matter 
of seconds (1, 9, 16, 17, 18); in this latter region, cool or hot flames are observed under 
appropriate conditions. For slow reactions the conventional means of chemical analysis 
-are generally adequate but for fast ones, particularly when flames occur, the mass 
spectrometer becomes a most valuable research tool. The present paper describes a 
mass-spectrometric investigation at temperatures around 250° C. of the acetaldehyde 
oxidation. This was carried out with a view to comparing the characteristics of the three 
modes of reaction, namely the slow oxidation, the cool flame, and the hot flame. 


EXPERIMENTAL 


A previous publication from this laboratory (12) has reported the successful completion 
of a mass spectrometer designed to study fast gas-phase reactions such as those involved 
in combustion. The instrument has since been developed with the aim of improving its 
performance and simplifying its operation. It is relevant to include here a general 
description of the apparatus used in the experiments. 

A cylindrical quartz reaction vessel, 4.5 cm. in diameter and 12.5 cm. long, heated 
electrically to any desired temperature up to 300° C., formed an. integral part of the ion 
source (see Fig. 1). Sealed in the side of the vessel was a quartz-diaphragm leak identical 
with the ones used by Lossing and co-workers (13) in the mass-spectrometric study of 
free radicals. A sample of the gaseous mixture in the reaction vessel flowed through the 
microscopic hole of the leak (diameter 30 microns, length 10 microns) into the ionization 
chamber and the stream was evacuated with a high-speed pumping system. About 
five per cent of the contents of the vessel effused in the first 2 minutes. The distance 
from the leak to the electron beam was 15 mm., which is longer than the mean free path 
of the molecules in this region. It was established that, with reaction-vessel pressures up 
to 100 mm. Hg, the flow through the leak itself was predominantly molecular in nature. 
Hence, in this range, the sample path was essentially collision-free, a condition which is 
desirable for two reasons. Firstly, it prevents gas-phase reactions between species leaving 
the vessel. Secondly, it permits quantitative data to be obtained from mass spectra 
because peak intensities are then directly proportional to concentrations and component 


1Manuscript received September 24, 1956. 
Contribution from the Département de Chimie, Université Laval, Quebec, Que. 
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Fic. 1. Schematic diagram of reaction vessel and ionization chamber. The axis of the electron beam is 
perpendicular to the plane of the paper. 


spectra are superimposable in a linear fashion. Hence, all measurements were taken 
with pressures less than 100 mm. Hg. 

The mass spectrometer was a sector-field instrument equipped with a Nier-type ion 
source. The slits were set for a resolving power of one in 75, which was adequate for the 
analysis of the products of the acetaldehyde—oxygen reaction. Spectra from 12 to 80 
atomic mass units were scanned 60 times per second by sawtooth modulation of the 
ion-acceleration voltage. Peaks due to hydrogen ions were scanned with a reduced 
magnetic field. The collector signal was amplified by an ion-electron multiplier followed 
by a vacuum-tube amplifier. It was then displayed on the screen of a cathode-ray 
oscilloscope (Tektronix 512), the time base of which was operated in synchronism with . 
the spectrometer scan. In order to preserve the definition of the spectra, the amplifying 
system was required to have a frequency response which was level from d-c. to 100 kc./sec- 
ond with input currents in the range from 10—" to 10-!° amp. The rapidly-varying mass 
spectra obtained during the course of a combustion reaction could be recorded with a 
motion-picture camera. The records were made with a Paillard-Bolex H16 camera using 
Ilford Type 5B52 16 mm. film. After processing, the film was examined frame by frame 
in a microfilm reader and the heights of the various peaks were measured from the 
projected images. 

It was not possible to heat the mass-spectrometer filament in the conventional way 
with alternating current of line frequency because the resulting modulation of the electron 
and ion beams was passed by the low-time-constant amplifiers and the ripple was 
superimposed on the final spectrum. Hence, the filament was operated with rectified and 
well-filtered current. The voltage was stabilized but no attempt at emission stabilization 
was made. When oxygen was first admitted into the spectrometer after organic compounds 
were tested or even after a period of pumping, the emission of the tantalum filament 
fell to a small fraction of its normal value but it recovered gradually during a period of 
about 5 minutes. The appearance of a carbon monoxide spectrum showed that a carbon- 
aceous layer was being removed from the tantalum. Afterwards, the emission was 
relatively insensitive to the presence of oxygen so the practice was established of treating 
the filament with oxygen for 5 minutes before each run. A slight carbon monoxide spec- 
trum persisted when oxygen-containing mixtures were tested, and the results were 
corrected accordingly. 
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A known amount of argon was added to each reaction mixture. This was useful for 
three reasons. Firstly, if the electron emission varied slightly during a run, the intensity 
of the argon peak indicated the extent of this variation and the other peaks could be 
corrected proportionally. Secondly, when the instrument was calibrated, the sensitivity 
for each pure gas was expressed as the ratio of the intensity of the principal peak to the 
intensity of the peak of argon when this latter gas was present at the same partial 
pressure. Hence, even if the absolute sensitivity of the instrument changed, owing to 
poisoning of the multiplier dynodes for example, the amount of a given gas in a mixture 
could still be calculated as a fraction of the argon partial pressure. A third reason for the 
inclusion of argon was that it acted as a thermometer. During a flame, the temperature 
rise produced an increase in the partial pressure of the inert gas and the magnitude 
of the rise could be estimated from the intensity of the spectrum peak. 

The acetaldehyde used in the experiments was obtained from the Matheson Company 
Inc. and was purified by fractionation. The oxygen (medical grade) and the argon (99.6% 
pure) were both obtained from the Ohio Chemical Company. For each run, the gases 
were premixed in a 1-liter bulb in such quantities that, after expansion into the reaction 
vessel, the desired partial pressures would result. About half a second was required for 
the gases to enter the vessel and achieve temperature equilibrium. Oil diffusion pumps 

.were used throughout in order to avoid the anomalous effects which have sometimes 
been reported (9, 18) in oxidation systems when mercury has been present. 

The mass spectra of acetaldehyde and oxygen were determined by introducing these 
substances independently into the reaction vessel. As mentioned above, a known quantity 
of argon was added in order to measure the sensitivity for each gas relative to that for 
argon. Calibrations were also made for the products which were suspected from a qualita- 
tive examination of the combustion spectra. All calibrations were performed with a 
reaction-vessel temperature of 250° C. 


RESULTS 


As explained previously, ‘instrumental factors limited the investigation to total 
pressures below 100 mm. Hg. In all experiments the initial mixture consisted of acet- 
aldehyde, oxygen, and argon with partial pressures in the proportion 2: 2: 1. By altering 
the temperature and the total pressure it was found possible to obtain the three typical 
reactions of slow oxidation, cool flame, and hot flame. 

At 242° C. and 80 mm. pressure, the acetaldehyde disappeared by slow oxidation in 
about 1 minute. Photographs were taken at 10-second intervals. The results are illustrated 
in Fig. 2 in which the relative intensities of the principal mass-spectral peaks are plotted 
against time. The intensity of the *°A peak is taken as 100 units. The peaks at masses 
29 (due mainly to CHO*) and 32 (due mainly to 0%) indicate roughly the disappear- 
ance of acetaldehyde and oxygen, respectively. Peak 60 rises during the consumption of 
acetaldehyde pointing to the formation of acetic acid. However, this peak falls rapidly 
during the later stage of the reaction. Acetic acid would be expected to be quite stable 
under the conditions of the experiment so it is concluded that the 60 peak is derived, 
at least in part, from the unstable peracetic acid which is known to be the main oxidation 
product at lower temperatures. The peracid parent peak was not detected even with a 
30-fold increase in amplifier sensitivity. A solution of peracetic acid was prepared by 
the method of Findley, Swern, and Scanlon (7), and a few drops were completely vaporized 
into the reaction vessel. Again, no parent was seen. It seems, therefore, that peracetic 
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Argon-40 peak = 100 units. 


acid either lacks a parent peak because of the instability of the CH;COOOH?* ion or 
that it decomposes to acetic acid in the ion source before ionization. The increases in 
the 44, 31, 28, and 18 peaks are interpreted as being due to the formation, respectively, 
of carbon dioxide, methanol, carbon monoxide, and water. Formaldehyde, ethane, 
methane, and hydrogen are judged to be absent. 

At 258° C., an 80 mm. mixture produced a cool flame after an induction period of a 
few seconds. The faint blue glow was visible in a darkened room. To record the pheno- 
menon, the motion-picture camera was run continuously at eight frames per second. 
Fig. 3 shows clearly the induction period in which there was little apparent change 
and the flame period, lasting about half a second, in which about 50% of the reactants 
was consumed. The remaining aldehyde subsequently disappeared by slow oxidation, 
as evidenced by the curves to the right of the figure, plotted on a compressed scale. 
From the transient increase in intensity of the argon-40 peak during the cool flame it is 
estimated that the maximum temperature was 410° C. Since all the other peak intensities 
are expressed as a percentage of the argon intensity, the curves in the non-isothermal 
region represent concentrations rather than pressures. 

From the 60 peak it is obvious that acid formed in considerable quantity during the 
slow oxidation phase, but during the induction period and the cool flame the peak was 
very small. The curve of Fig. 4 was obtained in a separate experiment using 10 times 
the sensitivity; the **A peak, which was of a comparable height, was used as the standard. 
The acid built up in a seemingly-exponential manner until the onset of the cool flame, 
when it was partially consumed. This behavior lends further support to the view that 
the acid is, at least partly, peracetic acid because the comparatively-stable acetic acid 
would be unlikely to decompose in a fraction of a second even at the elevated temperature 
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of the flame. The maximum pressure of acid at the time of the cool flame is estimated 
to be about 1 mm. This is based on the acetic acid sensitivity figure since no pure peracetic 
acid was available for calibration. 

The changes in peaks 44 and 31 show that carbon dioxide and methanol are cool-flame 
products. There is a net increase in peak 30 when allowance has been made for the 
methanol contribution and this is assigned to formaldehyde. Ethane is excluded because 
there is no net increase in peaks 26 and 27, which are important in the spectrum of this 
compound. The increase in peak 28 remains large when corrections have been made 
for the other substances present and for the formation of carbon monoxide on the filament, 
and this must be the result of carbon monoxide formation in the flame. Peak 18 is from 
water. Peak 16 exhibits a small net increase indicating methane. Hydrogen was found asa 
minor product. With a knowledge of the sensitivities relative to argon of the various 
pure substances it was possible to assess quantitatively the composition of the reaction 
products. The first two columns of Table I summarize the results for the slow oxidation 
and cool flame. The slow-oxidation analysis applies to the time in the reaction when 
16.5 mm. of acetaldehyde had been consumed. This facilitates comparison with the cool- 
flame oxidation in which this same amount of aldehyde was consumed. 

Newitt, Baxt, and Kelkar (18) published a diagram indicating the temperatures and 
pressures with which they observed slow oxidation, cool flames, and hot flames. The 
diagram contains a so-called low-temperature ignition peninsula where, at certain 
pressures, hot flames occur at lower temperatures than the cool flames for the same 
mixture. Using a 2:2:1 mixture of reactants as before, this condition was found to 
prevail with a temperature of 242°C. and a total pressure of 90 mm. After a short 
induction period, a bright yellow flame appeared. Photographs were taken at eight 
frames per second and the results are shown in Fig. 5. The flame temperature estimated 
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TABLE I 


PRODUCTS FORMED IN THE THREE MODES OF OXIDATION OF ACETALDEHYDE 


The initial mixtures consisted of acetaldehyde, oxygen, and argon in the 
proportions 2:2:1. The units are mm. Hg at the temperature of the 
experiment 








Experimental conditions and mode of oxidation 





242° C., 80 mm., 258° C., 80 mm., 242°C., 90 mm., 





slow oxidation cool flame hot flame 

CH;CHO consumed 16.5 16.5 32.5 
O2 consumed 16 14 34 
Acid formed i 0.5 _ 
CO:z 6 3 11 
CH;0H 1 5 — 
HCHO — 2 — 
co 0.5 13 62 
C2H2 — _ 1.5 
H:0 3 30 
CH, —- Small Small 
He _ 3 12 





from the argon peak is 525° C. As the duration of the flame was very short, the delineation 
of the pulse is based on only a few frames of film and the amplitude may actually be 
higher. Because of the need for greater amplifier sensitivity, the measurements on the 
60 peak were taken in a separate experiment. Nevertheless, it was possible to locate 
precisely on each film the onset of ignition so the time scale of the different curves may 
be considered accurate in the flame region. The acid concentration is seen to increase 
linearly during the induction period until a fraction of a second before the flame when 
the rate of formation accelerates sharply. Most of the acetaldehyde—oxygen mixture 
together with most of the acid vanishes in the flame. The maximum acid pressure is 
put at about 4 mm. The products of the hot flame are carbon dioxide, carbon monoxide, 
acetylene, water, methane, and hydrogen; the estimated amounts are listed in Table I. 
Since the hot flame gave rise to a considerable permanent increase in pressure, the flow 
of the products into the spectrometer was not truly molecular and this reduces the 
accuracy of the analysis. 

Mixtures of acetaldehyde, oxygen, and argon in the ratio 2: 4: 1 were found to ignite 
violently. A bright blue flash was seen and the explosion was clearly audible. Examination 
of the mass spectra indicated that hydrogen was absent from the final products, pre- 
sumably because with excess oxygen conditions were favorable for its ignition. 


DISCUSSION 


It is generally agreed that at temperatures below 200° C. acetaldehyde is oxidized 
to peracetic acid by a free-radical mechanism and the following kinetic scheme involving 
degenerate branching chains has been suggested (14) in order to explain the experimental 
facts: 


CH;CHO + O, = CH;CO + HO,, [1] 
CH;CO + O. = CH;CO,, [2] 
CH;CO; + CH;CHO = CH;CO;H + CH;CO, [3] 
CH;CO;H = CH;CO, + OH, [4] 
R + CH;CHO = RH + CH;,CO, [5] 


2CH;CO; = (CH;CO)202 + On. [6] 
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The present work shows that in slow oxidation at 242° C. peracetic acid is still formed 
although the presence of a little carbon monoxide indicates that some of the acetyl 
radicals, instead of reacting with oxygen, decompose thus: 

CH;CO = CH; + CO. [7] 
Under the conditions of the experiment, the peracetic acid decomposed rapidly, pre- 
sumably according to equation [4] by the fission of the O—O bond, and decomposition 
of the resulting CH;COz radical would yield the observed carbon dioxide: 

CH;CO2 = CH; + CO». [8] 
The formation of methanol is most readily explained by the oxidation of the methyl 
radical to the methoxy radical and a subsequent hydrogen abstraction: 


CH; + Oz = CH;0:, (9] 
CH;02 + RH = CH;OOH + R = CH;0 +OH +R, [10a] 
or 
2CH;02 = 2CH;0 + Oz, [10] 
CH;0 + CH;CHO = CH;OH + CH;CO. [11] 


Reactions [9] and [10] have been invoked by several authors (3, 8) and they appear to 
be well substantiated. An objection to the proposed mechanism is that it predicts 
the formation of carbon dioxide and methanol in equal amounts whereas carbon dioxide - 
is actually formed in excess. The hydroxyl radicals from hydroperoxide decomposition 
are the obvious source of water. 

The curve of Fig. 4 strongly suggests that peracetic acid plays a vital role in triggering 
a cool flame in acetaldehyde. Previous workers have detected peroxide during the induc- 
tion period of an acetaldehyde cool flame, and it was proved by Aivazov, Keyer,and 
Neiman (1) that the addition of a small quantity of peracetic acid shortened the induction 
period. McDowell and Thomas (15) have reported experiments on the oxidation of 
acetaldehyde at temperatures just below the cool-flame limit. Their analyses showed 
that peracetic acid was initially formed but then disappeared at a fast rate, thus leading 
one to believe that the cool flame results from the peracid decomposition. No peaks 
other than those associated with the acid were seen to rise during the induction period. 
The 30 peak was carefully checked in a search for traces of formaldehyde. Also, the 34 
peak for traces of hydrogen peroxide. The exponential growth of peroxide and its abrupt 
decay recall the observations of Bardwell and Hinshelwood (2) in their study of cool 
flames in methyl ethyl ketone and the explanation is probably similar to the one advanced 
by those authors. Certainly, the experimental facts are consistent with the occurrence 
of the following sequence of events. During the first part of the induction period, the 
peracetic acid is formed by normal slow oxidation and, as the concentration builds up, 
the rate of decomposition by reaction [4] increases accordingly. Self-heating by this 
exothermic reaction further accelerates the process and a flame eventually results. 
Total consumption of the aldehyde is prevented by a self-quenching action in the flame 
which may be explained as follows. As the temperature rises, the supply of peracetic 
acid is cut off because of the instability of the acetyl radical, and isothermal conditions 
are restored. The view that the acetyl radical decomposes at the temperature of the 
flame (410° C.) is verified by the formation of carbon monoxide; it is seen from Table I 
that carbon monoxide was vastly more abundant in the cool flame than in the slow 
oxidation. The carbon dioxide, on the other hand, being formed from peracetic acid, is 
down in quantity. 
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Methanol and formaldehyde are major cool-flame products. It is supposed that 
methanol is formed by the abstraction reaction [11] as in the slow oxidation. However, 
under the conditions of the flame, the concentration of methoxy radicals is greatly 
enhanced and one may have to consider an interradical reaction such as 


2CH;0 = CH;0H + HCHO. [12] 


Such a reaction also accounts for the observed formaldehyde. It has been shown that 
under certain conditions, methanol (6) and formaldehyde (4) act as oxidation retarders 
and it is plausible that they should contribute to the quenching of the cool flame. 
However, the fact that they have no marked effect on the slow oxidation which follows 
the flame makes this seem improbable. The formation in the flame of a small amount 
of methane may be due to abstraction by methyl radicals: 


CH; + CH;CHO = CH, + CH;CO, [13] 
or to an interradical reaction: 


CH; + CH;0 = CH, + HCHO. {14] 


Hydrogen was found in a small but significant amount and this undoubtedly points 
to the previous formation of hydrogen atoms. The suggested source of these is the thermal 
decomposition of methoxy radicals: 

CH;0 = H + HCHO. [15] 


In this connection, it is of interest to note that Kondrat’ev ef a/. (11) have reported an 
unsuccessful search for hydrogen atoms in acetaldehyde cool flames. They introduced 
into the reaction mixture a thermocouple coated with ZnO.Cr.O3; and looked for the 
temperature rise which would be expected to follow the recombination of the atoms 
on the oxide surface. 

It appears from Fig. 5 that a hot flame originates in the same way as a cool one with 
the accumulation of peracetic acid. The difference seems to be that the peracid achieves 
a higher concentration before self-heating begins, with the result that the subsequent 
temperature rise is greater. Self-quenching is ineffective presumably because new high- 
temperature reaction chains come into play. The large yield of hydrogen suggests that 
hydrogen atoms, formed as in reaction [15] for example, may be important chain carriers. 
The cool flame products, methanol and formaldehyde, are no longer found. The products 
are predominantly carbon dioxide, carbon monoxide, and water. The presence of some 
acetylene implies the prior formation of the CH radical. Acetylene has been detected as a 
product of the reaction of methyl radicals with oxygen at 1000° C. (10) and the CH 
emission bands in flames are well-known, but the chemistry of the CH radical remains 
obscure. 


RESUME 


L’oxydation de l’acétaldéhyde dans la région de 250° C. a été étudiée au moyen d’un 
spectrométre de masse a échantillonnage continu, capable de donner 60 spectres par 
seconde. Dans l’oxydation lente normale il se forme de l’acide peracétique qui se décom- 
pose en anhydride carbonique, méthanol, et eau. Dans les conditions ot |’on obtient des 
flammes, il y a accumulation autocatalytique d’acide peracétique durant la période 
d’induction; ce composé disparait soudainement au moment de I'inflammation. On 
discute quelques mécanismes de réaction possibles. On peut estimer les hausses de 
température qui accompagnent la flamme froide et la flamme chaude. 
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INFLUENCE DE L’OXYDE NITRIQUE ET D’AUTRES INHIBITEURS SUR 
L’OXYDATION LENTE DE L’ETHER! 


ANDRE LEMAY? ET CyRIAS OUELLET 


RESUME 


L'action de petites quantités d’oxyde nitrique sur l’oxydation lente de |’éther diéthylique 
en phase gazeuse dépend essentiellement du moment ou I’on injecte cet inhibiteur. L’hypothése 
d’une initiation secondaire des chaines par décomposition d’un hydroperoxyde insensible 
a NO explique les faits observés: inhibition puissante et durable au début de la réaction, 
puissante mais bréve durant la baisse de pression, nulle au moment ou l’oxygéne est épuisé, 
faible aprés la disparition de l’oxygéne. Dans les conditions ot il ne s ‘accumule pas d’hydro- 
peroxyde, on n’observe qu'une inhibition simple. Le propy léne exerce les mémes effets mais 
est 10 fois moins actif. Le formaldéhyde n’inhibe la réaction que s ‘il est injecté avant les 
réactifs. L’inhibition par l'acide bromhydrique se complique d’une activation de la surface. 


INTRODUCTION 


Le présent mémoire contient une description des phénoménes provoqués en ajoutant 
de petites doses d’inhibiteurs 4 diverses époques d’une oxydation lente en phase gazeuse. 
Dans une telle réaction, on peut envisager deux modes d’initiation des chaines. Au 
début, l’attaque par l’oxygéne donne lieu a une initiation du type 


RH +0. > R + HO, (1] 


processus rare mais donnant naissance a des chaines longues. Lorsque la réaction est 
assez avancée pour qu’il y ait accumulation appréciable d’un produit peroxydique, la 
décomposition de ce dernier 

ROOH — RO +0H [2] 


fait apparaitre un nouveau mode d’initiation de chaines du type 
RH +0H >R+H,0 [3] 


qui peut devenir prépondérant. Un mécanisme de ce genre a été postulé par Niclause (8) 
ainsi que McDowell et Farmer (6) pour l’oxydation de l’acétaldéhyde. On peut sup- 
poser qu’un inhibiteur agira différemment suivant que la réaction est plus ou moins 
avancée. Par exemple, l’action de l’oxyde nitrique pourrait étre puissante sur les chaines 
longues et rares initiées suivant [1], mais nulle sur la décomposition [2] et faible sur les 
chaines nombreuses mais courtes initiées par [3]. 

Dans le but de vérifier ces hypothéses, nous avons injecté des inhibiteurs a diverses 
époques, au cours de l’oxydation lente de l’éther diéthylique en phase gazeuse, réaction 
étudiée par Eastwood et Hinshelwood (2) et par Lemay et Ouellet (4). Ces derniers ont 
montré qu'on peut effectuer cette réaction dans des conditions ot elle présente deux 
phases nettement séparées: une phase initiale de consommation d’oxygéne, avec baisse 
de la pression totale et accumulation d’un hydroperoxyde, et une seconde phase carac- 
térisée par la décomposition de l’hydroperoxyde et un accroissement de pression. Cette 
seconde phase se révéle le plus clairement aprés la disparition compléte de l’oxygéne. 
La montée de pression qui l’accompagne a été prise 4 tort comme mesure de la vitesse 

1Manuscrit regu le 1 octobre 1956. 

Contribution du Département de Chimie, Université Laval, Québec. Travail subventionné par un octroi 
(DRB-5001-09) du Comité de Recherches pour la Défense. 


2Boursier du Conseil National de Recherches. Adresse actuelle: Canadian Armament Research and Develop- 
ment Establishment, Valcartier, Qué. 
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d’oxydation (2). L’oxydation de l’éther, parce qu'elle a lieu 4 des températures relative- 


ment basses ot les peroxydes ont une vie assez longue, a été choisie comme objet de 
cette étude. 


METHODE EXPERIMENTALE 


L’appareil et le mode opératoire employés pour étudier la réaction d’oxydation ont 
été décrits précédemment (3, 4); la chambre a réaction est un cylindre en Pyrex de 4.4 X 
14 cm. et les variations de pression sont enregistrées électriquement. Pour injecter au 
moment choisi une petite quantité d’un gaz étranger, on se sert d’un tube capillaire qui 
pénétre jusqu’au centre de la chambre. De cette fagon, le gaz ajouté se répand rapide- 
ment dans tout le mélange en réaction. La quantité injectée se lit directement sous 
forme d’un saut brusque enregistré par le manométre. On tient compte, lorsqu’il y a 
lieu, du gaz emprisonné dans I’injecteur, dont le volume est 1% de celui de la chambre. 
Cet injecteur capillaire sert aussi 4 aspirer des échantillons du mélange gazeux dans un 
analyseur magnétique servant au dosage de l’oxygéne résiduel. 

L’éther est débarrassé de l’eau et des peroxydes par passage a travers une colonne 
d’alumine activée (1). L’oxygéne provient d’un cylindre et les autres gaz, de marque 
Mathieson, sont prélevés directement des cylindres. Le formaldéhyde est préparé par 
chauffage de paraformaldéhyde. 


RESULTATS ET DISCUSSION 


Sur les figures, un trait pointillé indique la pression au cours d’une réaction témoin, 
tandis qu’un trait plein représente la pression au cours de la réaction étudiée, avant et 
aprés l’injection d’inhibiteur. Le moment ov a lieu I|’injection est marqué par une fléche. 
Ces variations de pression sont enregistrées de fagon continue 4 0.1 mm. Hg prés. 


Addition d’oxyde nitrique 


L’oxyde nitrique a été ajouté de trois fagons: (a) en l’injectant dans la chambre a 
réaction évacuée, immédiatement avant d’y introduire les réactifs, (b) en l’injectant 
aprés les réactifs, 4 divers moments au cours de la réaction et (c) en l’incorporant au 
mélange froid de réactifs avant l’introduction de ces derniers dans la chambre. On 
verra que les effets produits sont trés différents. . 

Au début de la réaction, il n’y a pas d’hydroperoxyde dans le systéme; l’oxydation 
est initiée uniquement suivant le mode [1]. L’injection de 0.3 mm. d’oxyde nitrique dans 
la chambre 4a réaction avant |’introduction des réactifs ou immédiatement aprés cette 
derniére (figure 1A) réduit le taux d’abaissement de la pression et de la consommation 
de l’oxygéne (figure 2A) par un facteur de l’ordre de 30, ce qui donne une indication 
grossiére de la longueur des chaines a cette époque de la réaction. I] en résulte une longue 
période d’induction durant laquelle l’oxyde nitrique est consommé lentement par les 
radicaux qu’il attaque. 

Lorsque la réaction est plus avancée, il s’est accumulé de I’hydroperoxyde et le second 
mode d’initiation [3] devient important. On sait (10) que l’oxyde nitrique n’inhibe pas 
la décomposition de I’hydroperoxyde de butyle tertiaire. Par analogie, on peut prévoir 
que cet inhibiteur n’empéchera pas la décomposition [2], mais bloquera seulement les 
chaines qui en résultent, tarissant ainsi la source de régénération de |’hydroperoxyde. 
On constate, en effet, que l’injection d’environ 3 mm. d’oxyde nitrique arréte temporaire- 
ment la consommation d’oxygéne (figure 2B), démasquant ainsi l’accroissement de 
pression (figure 1B) provenant de la décomposition de I’hydroperoxyde et peut-étre 
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Fic. 1. Courbes de pression de réactions normales (en pointillé) de mélanges équimoléculaires d’éther 
et d’oxygéne a 168° C. et de réactions inhibées (traits pleins) par l’injection d’oxyde nitrique aux moments 
indiqués par des fléches. 
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Fic. 2. A et B—Influence de l’oxyde nitrique ajouté avant ou pendant la réaction sur la pression totale 
P et la pression partielle Po de l’oxygéne. 

C—lInfluence du peroxyde d’azote (0.7 mm.) ajouté avant les réactifs. Mélanges équimoléculaires 4 168° C. 
Les courbes pointillées se rapportent aux réactions normales. 


aussi d'autres réactions secondaires. Cependant, l’inhibiteur est consommé assez rapide- 
ment par les radicaux provenant de [2] et [3], de sorte qu’aprés un arrét temporaire, les 
chaines d’oxydation reprennent leur cours et la pression se met de nouveau 4a baisser 
jusqu’a épuisement de l’oxygéne. A partir de ce moment, la pression s’éléve de nouveau 
par suite de la décomposition, tout comme elle le faisait durant la période d’inhibition. 
Les amplitudes totales des deux baisses et des deux hausses de pression sont sensiblement 
les mémes que si ces variations n’avaient pas été interrompues, comme on peut s’en 
rendre compte en les comparant avec celles de la réaction témoin (courbe pointillée). 

A l'époque du minimum de pression, c’est-a-dire au moment od il ne reste plus d’oxy- 
géne, la réaction devient insensible 4 3 mm. d’oxyde nitrique (figure 1C). On voit, de plus, 
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que ce gaz est consommé, probablement par des radicaux provenant de la décomposition 
de l’hydroperoxyde, puisque la courbe ascendante de pression rejoint bientét celle de 
la réaction témoin. 

Un peu plus tard (figure 1D) l’oxyde nitrique (2.5 mm.) inhibe partiellement la hausse 
de pression. Ceci porte 4 croire qu’é cette époque avancée de la réaction, l’accroissement 
de la pression ne résulte plus uniquement de la décomposition d’un hydroperoxyde, mais 
aussi de la décomposition en chaine, sensible a l’oxyde nitrique, d’un autre produit. 
Il s’agit peut-étre, dans notre cas, d’une pyrolyse de l’acétaldéhyde induite par des 
traces d’oxygéne (5) ou par les radicaux provenant de la réaction [2]. Nous avons constaté 
que l’importance relative de cette inhibition tardive croit avec la proportion d’éther 
dans le mélange initial. 

Les résultats décrits ci-dessus ont été obtenus 4 168° C. avec des mélanges équimolé- 
culaires d’éther et d’oxygéne. On observe des effets semblables (3) en se servant de 
mélanges contenant un excés de l’un ou I’autre réactif, soit 33% et 67% d’éther en 
volume. Pour les mélanges riches en éther, on trouve que l’inhibition par injection d’oxyde 
nitrique avant les réactifs est un peu moins forte que pour les mélanges équimoléculaires; 
par contre, l’inhibition par injection aprés le minimum de pression est un peu plus 
forte. 

L’incorporation préalable de 3% d’oxyde nitrique 4 un mélange froid quelques minutes 
avant l’introduction de ce dernier dans la chambre a réaction a pour conséquence une. 
période d’induction d’environ 20 minutes, aprés laquelle les variations de pression 
(figure 3) sont celles d’une réaction normale un peu ralentie. L’arrét initial de la réaction 
est donc moins prolongé que celui qu’on obtient en injectant ce gaz avant les réactifs. 
Une partie de l’oxyde nitrique disparait probablement par réaction avec l’oxygéne. 


Action de l’oxyde nitrique sur une réaction catalysée par la surface 


S’il est possible d’effectuer la réaction dans des conditions ot I’hydroperoxyde ne s’accu- 
mule pas, on doit s’attendre a des effets plus simples. Ces conditions ont été réalisées en 
induisant de chlorure de potassium les parois de la chambre 4 réaction. On sait déja 
(4, 9) qu’une telle surface catalyse la décomposition de l’hydroperoxyde au point de 
supprimer la baisse initiale de pression et de donner lieu 4 des courbes de pression telles 
que les courbes pointillées de la figure 4, pour les réactions non inhibées. Dans ces con- 
ditions, l’inhibiteur produit toujours un arrét simple et prolongé de la réaction, comme 
on le voit en injectant 1 mm. d’oxyde nitrique avant les réactifs (figure 44) ou 3 mm. au 
bout de 4 minutes (figure 4B). 

L’inhibition est prolongée parce que la trace d’hydroperoxyde présente n'’engendre 
pas assez de radicaux pour détruire tout l’inhibiteur ajouté et permettre a la réaction 
de reprendre son cours. On peut dire que Il’inhibition sera prolongée toutes les fois qu’il 
reste un excés d’oxyde nitrique aprés épuisement de Il’hydroperoxyde. Ceci a été vérifié 
pour une réaction telle que celle de la figure 1, s’effectuant dans un vase 4 surface non 
traitée. I] suffit d’ajouter au bout de 4 minutes de l’oxyde nitrique en excés (13 mm.) 
pour que la hausse de pression semblable 4a celle de la figure 1B soit suivie, non plus 
d'une baisse, mais d’un long palier indiquant que la décomposition de I’hydroperoxyde 
n'a pas suffi a éliminer I’inhibiteur. 

On peut rapprocher ces effets de l’inhibition bien connue de la pyrolyse des hydro- 
carbures par l’oxyde nitrique (13). Ils en différent cependant par plusieurs particularités. 
L’inhibition de l’oxydation de l’éther obtenue par injection avant les réactifs est beau- 
coup plus puissante que celle des pyrolyses. Par exemple, on voit sur la figure 5 qu’une 
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quantités de formaldéhyde et d’oxyde nitrique injectées avant les réactifs. 


inhibition d’environ 95°% est produite par 0.3%  d’oxyde nitrique. La réaction dite rési- 
duelle, si intéressante dans le cas des pyrolyses (12, 14), est ici pratiquement inexistante. 
On ne sait pas dans quelle mesure |’atténuation du pouvoir inhibiteur de l'oxyde nitrique 
au cours d'une pyrolyse est susceptible d’étre expliquée par un mécanisme d’initiation 


secondaire analogue a celui que nous postulons. 


Addition de peroxyde d’azote 

On doit se demander dans quelle mesure l’inhibition peut étre attribuable au peroxyde 
d'azote formé par réaction de l’oxyde nitrique avec l’oxygéne. On sait que ce gaz inhibe 
l’oxydation de l’acétaldéhyde (7). Un certain nombre des expériences décrites ci-dessus 
ont été répétées en remplagant l’oxyde par le peroxyde (3). Ajouté avant ou durant la 
réaction, cet inhibiteur ne provoque qu’un bref ralentissement (de 2 4 5 minutes) de la 
variation de pression et de la consommation d’oxygéne, comme on le voit sur la figure 
2C. Son action est beaucoup plus faible que celle de l’oxyde, n’est pas fonction de l’époque 
de l'injection et ne semble pas étre accompagnée de la consommation du gaz ajouté. 
Ces différences suffisent A montrer que, dans l’ensemble, les effets décrits dans la section 


précédente sont attribuables directement a l’oxyde nitrique. 
L’oxydation des hydrocarbures par le peroxyde d’azote est bien connue. Dans quelques 
expériences 4 189° C. avec des mélanges équimoléculaires d'éther et de peroxyde d’azote, 
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nous avons observé des augmentations de pression de l’ordre de 10% en 30 minutes. 
Nous avons vérifié que, vers 170° C., cette réaction est trop lente pour intervenir dans 
les effets décrits plus haut, surtout aux faibles pressions partielles de peroxyde d’azote 
employées. Nous n’avons pas encore étudié cette réaction en détail. 


Addition de propyléne 


Le propyléne exerce, sur les divers stages de la réaction, une action sélective (3) 
semblable a celle de l’oxyde nitrique; cependant, les quantités de propyléne requises pour 
produire les mémes effets sont environ 10 fois plus grandes. Il est 4 noter que ce rapport 
est le méme que pour I’inhibition des pyrolyses par ces deux gaz. 


Addition de formaldéhyde 


Le comportement du formaldéhyde est singulier; il n’agit que s’il est injecté avant les 
réactifs. Dans ce cas, il provoque une période d’induction semblable 4 celle de la figure 
3, d’autant plus longue que la quantité injectée est plus grande, et suivie d’une réaction 
a peu prés normale. Cette inhibition initiale est représentée sur la figure 5. Par contre, 
si le formaldéhyde est ajouté durant la baisse ou la hausse de pression, il ne modifie 
pas le cours de la réaction. La courbe de pression rejoint en moins d’une minute celle 
de la réaction témoin, montrant que le gas ajouté est rapidement consommé et reste 

- sans effet sur le cours de la réaction. 

On peut donc dire que le formaldéhyde inhibibe fortement |’oxydation initiée par le 
processus [1], mais non celle initiée par [3] et qu’il n’affecte ni la décomposition ni la 
regénération de Il’hydroperoxyde. II se peut que le formaldéhyde s’attaque 4 un por- 
teur de chaines qui intervient uniquement dans l’oxydation primaire, ou qu’il détruise 
aussi un porteur des chaines secondaires, mais par une réaction telle quae OH+HCHO — 
H.O+HCO qui engendre un nouveau radical capable de propager la chaine. Dans ce 
cas, le fait que cet inhibiteur devient inactif quelques instants aprés le début de la réaction 
indiquerait que l’initiation secondaire devient trés t6t prépondérante. Un autre type 
d’explication consiste 4 supposer que le formaldéhyde est rapidement éliminé du systéme 
par réaction avec un produit, par exemple un peroxyde ou un alcool. Dans ce cas, cepen- 
dant, on s’attendrait 4 ce qu’il ne devienne inactif qu’aprés un temps assez long. 


Addition d’acide bromhydrique 


On sait que l’acide bromhydrique peut catalyser un transfert d’hydrogéne (11) par 
un mécanisme tel que 
ROO + HBr — ROOH + Br, 


RH + Br ~R+HBr. 


Il était donc intéressant d’étudier son action sur notre réaction (3). Au lieu de l’accéléra- 
tion prévue de la phase initiale, on observe une période d’induction d’environ 4 minutes 
suivie d’une réaction normale, quand on injecte 0.5 mm. de ce gaz avant les réactifs. 
Si on l’ajoute aprés les réactifs, il n’y a plus de période d’induction, mais la baisse et 
la hausse de pression sont ralenties. II] n’a pas été possible d’étudier en détail les effets 
de ce gaz, car il altére l’activité de la surface de telle fagon que les réactions effectuées 
subséquemment ressemblent en tous points a celles que l’on obtient lorsque la surface 
est enduite de chlorure de potassium (courbes pointillées de la figure 4). Il semble donc 
agir a la fois comme inhibiteur des chaines d’oxydation et comme catalyseur de la 
décomposition hétérogéne du peroxyde. 
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CONCLUSION 

Les effets trés complexes produits par Il’injection de petites doses d’inhibiteurs a 
uiverses étapes de l’oxydation lente de |’éther s’expliquent dans l’hypothése d’un double 
mode d’initiation des chaines. En variant la dose et le moment de I’injection, on peut 
contréler le cours de la réaction. L’application de cette méthode a d’autres oxydations 
révélerait sans doute des particularités intéressantes susceptibles d’aider 4 en élucider 
le mécanisme. 
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SUMMARY 

The effect of small quantities of nitric oxide upon the slow, gas-phase oxidation of 
diethyl ether depends essentially upon the moment at which this inhibitor is injected. 
By assuming that the decomposition of a hydroperoxide, not sensitive to nitric oxide, 
acts as a secondary chain-initiating process, it is possible to account for the observed 
effects. The inhibition is strong and lasting in the early reaction, strong but of short 
duration during the pressure drop, non-existent at the moment when the oxygen dis- 
appears, and weak in the later stages. Under conditions where no hydroperoxide builds 
up, straight inhibition is observed at all stages. Propylene acts as nitric oxide but is 10 
times less potent. Formaldehyde inhibits the reaction only if it is injected before the 
reactants. Inhibition by hydrobromic acid is complicated by surface activation. 
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STEROIDS AND RELATED PRODUCTS 
VII. THE SYNTHESIS OF 17a-METHYLCORTICOSTERONE!.? 


Cu. R. ENGEL 


ABSTRACT 


The synthesis of 17a-methylcorticosterone, a new biologically active homologue of cortico- 
sterone and analogue of cortisol, is described. In the course of the work it was observed that 
the 17-methyl group greatly impeded both the formation and the hydrolysis of a 20-ketal. 
On the other hand, evidence was obtained that the 1l-keto group is not completely un- 
reactive towards ethylene glycol, in the presence of p-toluenesulphonic acid. 


The interesting biological activities of the 17a-methylated sex hormones and the fact 
that the most potent glucocorticoid and antiarthritic cortical adrenal hormones also 
possess a 17a-substituent, in the form of a hydroxy group, prompted us in this laboratory 
to attempt the preparation of the 17a-methyl analogues of 11l-oxygenated corticoids. 
We reported recently (6, 7) the synthesis of 11-dehydro-17a-methylcorticosterone (1), 
the 17-methyl analogue of cortisone; in the present paper, the synthesis of 17a-methyl- 
corticosterone (X), the homologue of the important hormone corticosterone and the 
’ 17a-methyl analogue of the most potent natural glucocorticoid, cortisol, is recorded. 

Since it did not seem advisable to expose the relatively labile 116-hydroxy group to the 
vigorous reaction conditions necessary for the elaboration of the ketol side chain in the 
presence of a 17-methyl group (7, 9, 11), it was decided to introduce the 116-hydroxy 
moiety by reduction of an 11-keto adduct possessing already the 17-methylated ketol 
side chain. The distinctly different reactivities of carbonyl functions in positions 3 and 
20 on the one hand and in position 11 on the other hand allow the selective protection 
in positions 3 and 20 of a 3,11,20-triketone in the 17-non-methylated series; since the 
remaining free 11-ketone can be reduced to the corresponding alcohol and since the 
protecting groups can be removed subsequently, these differences in reactivity of the 
carbonyl functions make it possible to transform a hydroxy triketone of the 11-dehydro- 
corticosterone type to a dihydroxy diketone of the corticosterone type. One of the most 
successful methods for this type of conversion is due to Bernstein and his co-workers 
(2, compare also 16 and 19), who effect the protection of the 3- and 20-carbonyl functions 
by the formation of a bis-ethylene ketal, reduce subsequently the free 11-ketone by the 
action of a metal hydride, and finally liberate the 3- and 20-ketone functions by acid 
hydrolysis. Allen, Bernstein, and Littell (1) showed also that sodium borohydride re- 
duced the 11-ketone almost quantitatively to the 1l-alcohol with the desired 6-con- 
figuration (compare also 10, 12, 16). 

It had to be expected that the application of this method to the 17a-methyl series 
would encounter serious obstacles. It is indeed well established that reactions involving 
functional groups of the side chain proceed only with considerable difficulty in the 
presence of a 17-methyl substituent (7, 8, 9, 11, 18) and it is further known that con- 
densation reactions with 20-carbonyl groups are prone to steric hindrance, even in the 

1Manuscript received October 11, 1956. 

Contribution from the Collip Medical Research Laboratory, the University of Western Ontario, London, 
Ontario. The subject of this publication was part of a communication presented before the 3rd International 


Congress of Biochemistry, Brussels, August, 1956. 
2For Paper VI of this series see Reference (8). 
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17-non-methylated series, for instance to hindrance exerted by ester groupings in position 
21 (2, 24). Hence, the starting material for the series of experiments described here, 11- 
dehydro-17a-methylcorticosterone (I) (7), was subjected to the action of ethylene glycol, 
in the presence of p-toluenesulphonic acid and with constant removal of water, for a 
period exceeding the usual reaction time by a factor of three. From the amorphous 
reaction product no pure crystalline substance could be isolated. It appeared likely 
that the unreactive 20-ketone had only been ketalized in part and, furthermore, the 
possibility had to be considered that under the reaction conditions the 11-ketone function 
too might have undergone ketalization to some extent.’ The crude reaction product 
could thus be expected to represent a mixture of the desired 3,20-diketal IV with the 
3-monoketal III and possibly the 3,11-diketal II.4 The infrared absorption spectrum 
of the product (Fig. 1b) was in agreement with this assumption; the absence of the 
A‘-3-carbonyl band indicated complete protection of the 3-ketone; on the other hand, 
whereas the starting material I shows clearly the band of a dicarbonyl adduct, with a 
definite inflection point (Fig. la), the corresponding band of the product of ketalization 
showed no inflection point and had lost some of its asymmetry; however, the curve did 
not correspond completely to the typical band of a single carbonyl function. The result 
of the blue tetrazolium test lent further support to the above-mentioned assumption; 
the color test, although sluggish, was still positive, indicating that the original 20-oxo- 
21-hydroxy function had been retained at least in part. 
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Fic. 1. Carbonyl regions of infrared absorption spectra in KBr: (a) of compound I; (0) of ketalization 
product (II, III, IV); (c) of sodium borohydride reduction product (V, VI, VII). 


It seemed inadvisable to attempt the completion of the partial ketalization of the 20- 
ketone by subjecting the mixture anew to the same treatment, since the appearance of 
the product had already deteriorated during the first treatment and since the possibility 
of concomitant and undesired ketalization in position 11 could not be excluded. Hence, 
the crude mixture was reduced with sodium borohydride in tetrahydrofuran; in order 
to ensure that the complexity of the mixture would not be increased by incomplete 
reduction, the excess of reducing agent employed and the reaction period were increased 


3Recently Magerlein and Levin (14) have indeed observed, independently of our work, the formation of an 
ethylene ketal from an 11-oxo-208-hydroxy steroid in 50% yield when the reaction period was extended to 72 
hours. 

‘The formation in small yield of a 3,11,20-triketal has also to be considered but is not represented in the re- 
action scheme and not further discussed since no experimental proof for its presence was found. 
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far beyond the conditions under which complete reduction of the 11-ketone function 
had been achieved in analogous cases (1). The infrared spectrum of the reduction pro- 
duct (Fig. 1c) was indeed devoid of carbonyl bands. Again, no single, pure component 
could be isolated from the mixture, which would have comprised the 20,21-dihydroxy- 
3,ll-diketal V, the 118,20,21-trihydroxy-3-monoketal VI, and the desired 11 21. 
dihydroxy-3,20-diketal VII if it had originated from the mixture of the adducts II, 
III, and IV.5 
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5’Whereas a high stereos pecificity in the reduction of the 11-ketone to the 118-alcohol could be assumed (compare 
above) no definite assignment of configuration of the 20-hydroxy group is made (compare also below), 
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An attempt was then made to free the protected keto functions by hydrolysis with 
aqueous sulphuric acid in methanol (2) and to separate subsequently the components 
of the resultfng mixture. The infrared spectrum of the reaction product showed clearly 
that the A‘-3-keto moiety had been restored but a second band in the carbonyl region, 
attributable to an 11- or 20-keto function, was only of very low intensity and very 
badly defined. Prolongation of the acid treatment did not result in any appreciable 
change of the product. Upon acetylation and subsequent chromatography of part of 
the mixture there was obtained, in very low yield, material showing in the infrared the 
expected A‘-3-keto moiety and the bands characteristic of an acetate grouping, as well 
as a second carbonyl! function of higher intensity than the corresponding band of the 
crude non-acetylated product; however, the low yield and lack of purity of the product 
made it impossible to pursue this line of experiment. Evidently, acid hydrolysis is not 
a suitable method for the cleavage of a 20-ketal in the presence of a 17-methyl group. 
In order to effect the liberation of the keto groups more successfully, the original mix- 
ture obtained by the sodium borohydride reduction (compare V, VI, VII) was subjected 
to an exchange reaction with absolute acetone, in the presence of p-toluenesulphonic 
acid, a procedure introduced by Schinz into the terpene field (22) and subsequently 
successfully applied in the case of various steroidal ketals (3, 4, 19, 20). Partial preci- 
pitation of the reaction product with water afforded a crystalline material which yielded 
upon repeated recrystallization from ethanol a pure substance to which the structure 
of the A‘-3-oxo-118,20¢,21-trihydroxy-17a-methylpregnene-20,21-acetonide (IX) is 
assigned. Both the elementary composition and the absorption spectra of the product 
are in excellent agreement with this assignment. The infrared spectrum (Fig. 2a) exhibits 
a single, non-associated hydroxyl band, corresponding to the 118-hydroxy function, and 
a single carbonyl band typical of the A*-3-ketone; the presence of the latter was also 
confirmed by the ultraviolet absorption spectrum. The product remained unchanged 
when treated with an excess of acetic anhydride in pyridine, which corresponds indeed 
to the behavior of an 118-alcohol. The formation of the acetonide IX from the triol VI 
is perfectly plausible under the described reaction conditions.® 

The infrared spectrum of the not completely purified acetonide showed an additional, 
badly defined band of low intensity in the carbonyl region. When the material was 
hydrolyzed with aqueous acetic acid there was obtained an amorphous product, the 
infrared spectrum of which was in agreement with the expected structure of the triol 
XII, in the crude state; the second, very weak carbonyl absorption band, which should 
have been absent from a completely pure sample, was again visible. Acetylation of the 
crude product and subsequent chromatography gave two crystalline substances; the 
one less readily eluted from the aluminum oxide column had an infrared spectrum in 
perfect agreement with the expected structure of the 1186-hydroxy-20,21-diacetoxy ketone 
XIla.? The infrared spectrum of the substance eluted first was in accord with the structure 
of the corresponding 11-oxo-20,21-diacetate Xla (Fig. 2b); it showed again the bands of 
a 20,21-diacetate and of the A*-3-keto moiety but was also characterized by an additional 
carbonyl band in the 11-ketone region and by the absence of hydroxyl absorption; the 
ultraviolet spectrum’ showed the typical maximum of a A*-3,11-diketone. This series 


6Previously Sarret has reported the preparation of an acetonide from a 208,21-diol by the action of acetone 
and zinc chloride (21). 

7It should be noted that when the infrared spectrum was taken in KBr the hydroxy band and the carbonyl 
bands were split. 

8The author is indebted to Mr. R. A. Latimer, Science Service Laboratory, London, Ont., for kindly measuring 
this ultraviolet absorption spectrum on a Beckman Model DK1 Recording Spectrophotometer. 
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of experiments not only confirms the structure of the acetonide IX and hence the original 
formation of the monoketal III (further transformed to the adducts VI, IX, XII, and 
XIla), but also lends support to the assumption that during the ketalization reaction 
some 3,11-diketal II had been formed; in the course of the described reactions this 
substance would have indeed been transformed, through the adducts V, VIII, and XI, 
to the diacetoxy diketone Xla. 

No definite assignment for the configuration of the 20-hydroxy groups of the adducts 
V and VI, obtained by sodium borohydride reduction of the corresponding 20-ketones, 
and of their derivatives VIII, XI, and XIa and IX, XII, and XIla, has been made. 
The infrared spectra of the diacetates Xla and XIla are in agreement with the spectra 
of 208,21-diacetoxy steroids (5, 13) and it is well established that in the 17-unsubstituted 
series sodium borohydride reduction leads predominantly to 208-alcohols (compare 15, 
17); it is, however, also known that a 17a-hydroxy group lowers the yield of formation 
of 208-hydroxypregnanes in this type of reaction (17) and hence it seems indicated not 
to make absolute predictions concerning the extent of steric influence of the even more 
hindering 17a-methyl group. 
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Fic. 2. Infrared absorption spectra in KBr: (a) of compound IX; (6) of compound XIa; (c) of compound 
XIII. 
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After the acetonide fraction of the reaction mixture, obtained during the exchange 
reaction with acetone, had been removed by precipitation with slightly alkaline water, 
the remaining mother liquors were extracted and worked up in the usual manner. To 
the product thus obtained in the crude and semicrystalline state and representing 
approximately 30% of the total reaction product, the structure of the desired 17a- 
methylcorticosterone (X) is ascribed. The infrared spectrum clearly shows the bands of 
a A‘-3-keto group, a second well-defined carbonyl function attributable either to an 11- 
or a 20-ketone, and a broad, multiple, associated hydroxyl band. The product gave a 
pronounced blue tetrazolium reaction, which is in accord with the 20-oxo-21-hydroxy 
structure and which excludes the isomeric 11-oxo-20,21-dihydroxy structure of X1; 
furthermore, the ultraviolet absorption maximum at 241 my indicates a A‘-3-keto moiety 
in the absence of an 11-ketone. Acetylation gave a crystalline monoacetate (XIII) of 
the expected elementary composition, with a well-defined single, non-associated hydroxyl 
band in the infrared (Fig. 2c); acetylation of a 20,21-diol (XI) or of an 1la,21-diol 
would have given a diacetate under the reaction conditions. The infrared spectrum 
also clearly exhibited the typical absorption of a 21l-acetoxy-20-ketone (13), a further 
proof for the 20-oxo-21-hydroxy structure of X. The A‘-3-keto function, clearly detectable 
in the infrared, was corroborated by the absorption maximum in the ultraviolet at 
241 my, again indicating the absence of an 11-ketone. Hydrolysis with bicarbonate 
(compare 7) restored again the free alcohol (X). 

Dr. E. H. Venning kindly tested 17a-methylcorticosterone acetate (XIII) for gluco- 
corticoid activity, using the assay developed in her laboratory (23). In this test the 
product was found to possess approximately 40% of the activity of cortisone acetate, 
which corresponds to almost twice the activity of 11-dehydro-17a-methylcorticosterone 
acetate (7). 

EXPERIMENTAL” », 1 
Treatment of 11-Dehydro-17a-methylcorticosterone (1) with Ethylene Glycol (Mixture II, 
ITI, IV) 

A solution of 1.127 g. of 11-dehydro-17a-methylcorticosterone (I), m.p. 152-156°, 
in 85 cc. of absolute benzene was reduced to 73 cc. There was subsequently added 18 cc. 
of freshly distilled ethylene glycol and 44 mg. of p-toluenesulphonic acid and the mixture 
was refluxed with exclusion of moisture for 6 hours. During this time the moist benzene 
was removed with the help of a water trap. The refluxing was continued for another 
6 hours, with vigorous stirring and with intermittent separation of slightly moist benzene. 
The reaction mixture was poured into iced saturated sodium bicarbonate solution and 
extracted with ether. The ethereal solution was washed with iced 1% sodium carbonate 
solution and with water and taken to dryness. There was obtained 1.447 g. of an amor- 
phous material which resisted crystallization; it yielded 39 mg. of a solid, m.p. 105°, 
[a]?? —0.8° (c, 10.55 in CHCI;-pyridine). Both the foamy material and the solid fraction 
had an identical infrared spectrum (compare Fig. 16): v¥®* 3425 cm.—' (associated 
hydroxyl), 1693 cm.—! (carbonyl), 1668 cm.—! (A5-double bond). The product reacted 
slowly and sluggishly with blue tetrazolium and was used without further purification 
for the following reactions. 


°The melting points were taken in evacuated capillaries and the temperatures were corrected. 

10The microanalyses were performed by Mr. J. F. Alicino, Metuchen, N.J., to whom high appreciation is 
expressed, 

UThe aluminum oxide used for chromatography was treated as described under footnote 31 of Reference 
(9). Sincere thanks are due to Messrs. Merck and Co., Montreal, for kindly providing their activated aluminum 
oxide. 
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Reduction of the Ketalization Product with Sodium Borohydride (Mixture V, VI, VII) 

A solution of 1.435 g. of the above-described crude ketalization product in 125 cc. of 
tetrahydrofuran was refluxed for 20 hours, with vigorous stirring, with 2.05 g. of sodium 
borohydride and with 17.5 cc. of a 2.5% sodium hydroxide solution. The mixture was 
refluxed a further 21 hours and subsequently filtered. After addition of water and re- 
moval of the tetrahydrofuran in vacuo the product was extracted with ether, the ethereal 
solution was washed to neutral and dried. After evaporation of the solvent there was 
obtained 1.483 g. of an amorphous product, resisting all attempts of crystallization and 
giving a positive tetranitromethane test; vXB° 3405-3435 cm.—! (associated hydroxyl), 
no carbonyl absorption, 1668 cm.—' (peak badly defined) (A°-double bond); (compare 
Fig. lc). There was also isolated 44 mg. of acidic material which was not further in- 
vestigated. 


Attempted Hydrolysis of the Reduction Mixture with Sulphuric Acid 


A solution of 296 mg. of the above-described crude reduction mixture in 15 cc. of 
methanol was flushed with nitrogen and there was added 1.5 cc. of 8% (v/v) sulphuric 
acid. The flask was again flushed with nitrogen and the mixture was refluxed for 35 
minutes under nitrogen. After cooling and dilution with ice water, the mixture was 
extracted with ether and the organic solution was washed with 2% iced sodium carbonate 
solution and water and was dried. After removal of the solvent there remained 285 mg. 
of an amorphous material, vXPF 3415 cm. (hydroxyl), 1689 cm.—! (low intensity, 
64% transmission) (carbonyl), 1658 cm.—! (28% transmission) (A‘-3-ketone), 1615 cm.~! 
(3-keto-A‘-double bond). 

The product, which did not crystallize, was refluxed for a further 150 minutes, 
under nitrogen, with 2 cc. of 8% sulphuric acid in 15 cc. of methanol; the solvent and 
acid displaced by the nitrogen current were replaced during the reaction. The mixture 
was worked up as described above and there was obtained 294 mg. of an amorphous 
product with an infrared spectrum almost identical with the one exhibited by the material 
prior to its second treatment with sulphuric acid. 

Acetylation.—To a solution of the above-described product (294 mg.) in 4.5 cc. of 
pyridine was added 2.5 cc. of acetic anhydride. The flask was flushed with nitrogen, 
sealed, and stored at 25° for 18 hours. The usual working up afforded 309 mg. of a thick 
yellow oil which was dissolved in 2 cc. of benzene and chromatographed on 9.5 g. of 
aluminum oxide. Benzene-ether (4:1) eluted 48 mg. of an amorphous product, showing 
in the infrared (smear) a broad band in the carbonyl region, with two maxima at 1730cm.— 
and 1712 cm. and the A‘-3-ketone doublet at 1660 and 1613 cm.—'. The product resisted 
all attempts of crystallization and was not further investigated. The first ether fractions 
of the chromatogram (4 mg.) had an infrared absorption spectrum compatible with 
crude diacetate XIla; vm" 3420 cm. (118-hydroxyl), 1735 cm.—' (20,21-diacetate), 
1657 and 1615 cm.~! (A*-3-ketone doublet). 


Cleavage of the Reduction Product with Acetone [A‘-3-Oxo-118,20¢,21-trihydroxy-17a- 
methyl pregnene-20,21-acetonide (IX) and 17a-Methylcorticosterone (X)| 

(a) A solution of 298 mg. of the crude sodium borohydride reduction product (see 

above) in 25 cc. of absolute acetone was flushed with carbon dioxide and there was 

added 32 mg. of p-toluenesulphonic acid. The air was again displaced with carbon dioxide, 

the flask was sealed and kept for 36 hours at room temperature. Upon addition of 30 cc. 

of water and 1 cc. of saturated bicarbonate solution, crystals formed. Filtration afforded 
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176 mg. of brownish-yellow crystalline material, m.p. 248-259°; v¥®* 3390 cm.~! (non- 
associated 116-hydroxyl), 1704 cm.—! (low intensity, transmission 65%) (11-ketone), 
1656 cm.—! (18% transmission) (A*-3-ketone), 1613 cm.—! (8-keto-A*-double bond). 
Repeated recrystallization from ethanol afforded acetonide IX, m.p. 273-276°; \#tO#B 
242 my (log ¢ 4.2), v»X8F 3390 cm.—' (118-hydroxyl), 1656 and 1615 cm.~' (A*-3-ketone 
doublet); (compare Fig. 2a). The product was recrystallized twice more from methanol 
for analysis; needles, m.p. 279-280°, [aJ]?* 109.6° (c, 0.505 in CHCI;). Anal. Calc. for 
CosH 380g: oe 74.59; H, 9.52. Found: c 74.66; H, 9.41. 

The mother liquors from the separation of the crude acetonide fraction were extracted 
with ether, the ethereal solution was washed with iced 2% sodium carbonate and iced 
1% sodium hydroxide solutions and with water and was dried. Removal of the solvents 
afforded 92 mg. of a partly crystalline material [crude 17a-methylcorticosterone (X)], 
giving a pronounced blue tetrazolium reaction; \POF 241 my (log ¢« 4.0); vmer 3375 
cm.—! (associated hydroxyl), 1688 cm.—! (17-methyl-20-ketone), 1654 and 1617 cm." 
(A‘-3-ketone doublet). 

Acetylation of acetonide IX.—A sample of acetonide IX (22 mg., m.p. 273-278°) was 
dissolved in 1.5 cc. of pyridine and was treated with 0.8 cc. of acetic anhydride, at room 
temperature for 13 hours, under nitrogen. The usual working up afforded 29 mg. of a 
crude crystalline product which gave, upon purification with methanol, 20 mg. of the 
starting material, acetonide IX, m.p. 267-275°, not depressed upon admixture with 
authentic material; the infrared spectrum of the product was identical with that of 
the starting material (acetonide IX). 

Acetylation of 17a-methylcorticosterone (acetate XIII).—A solution of 80 mg. of crude 
17a-methylcorticosterone (X) in 2.5 cc. of pyridine was flushed with nitrogen and there 
was added 1.5 cc. of acetic anhydride; the mixture was again flushed with nitrogen, 
sealed, and stored for 17 hours at room temperature. The usual working up afforded 
100 mg. of a product crystallizing from ether—acetone—hexane in colorless needles, m.p. 
183.5-188°. Two recrystallizations raised the melting point to 193-195.5°; [a]?* 119° 
(c, 0.924 in CHCl;); AZ#O7 241 my (log € 4.2); vEBF 3500 cm. (non-associated 11£- 
hydroxyl), 1746 and 1710 cm.~! (21-acetoxy-20-ketone doublet), 1659 and 1617 cm.“ 
(A‘-3-ketone doublet); (compare Fig. 2c). Anal. Calc. for CosH3,05: C, 71.61; H, 8.51. 
Found: C, 71.41; H, 8.66. 

Hydrolysis of acetate XIII [17a-methylcorticosterone (X)|.—A solution of 25 mg. of 
mother liquors of acetate XIII in 2.5 cc. of methanol was treated during 5 days with 
26 mg. of potassium bicarbonate in 0.4 cc. of water, at room temperature and under 
nitrogen, as described previously (7). The usual working up afforded 30 mg. of a crude, 
partly crystalline product, me" 3420 cm.“ (associated hydroxyl), 1686 cm.~! (17- 
methyl-20-ketone), 1656 and 1646 cm. (split A‘-3-keto band), 1618 cm. (3-keto-A‘- 
double bond). The product was chromatographed on Davidson’s silica gel 923; benzene — 
ethyl acetate (1:1 and 1:2) eluted small cubes, m.p. 203-205°, v©BC!s 3575 cm.—! (non- 
associated 118-hydroxyl), 3475 cm.—! (associated 21-hydroxyl), 1697 cm.—! (20-ketone), 
1665 and 1616 cm.— (A‘-3-ketone doublet). 

(6) In another run, 275 mg. of the crude sodium borohydride reduction mixture was 
refluxed with 33 mg. of p-toluenesulphonic acid in 25 cc. of absolute acetone for 3 hours, 
under carbon dioxide, and with the exclusion of moisture. The mixture was allowed to 
stand 12 hours and was refluxed under carbon dioxide for another 2 hours. The product 
was worked up as described above and there was obtained 111 mg. of crude acetonide IX 
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(containing some acetonide VIII, see below), m.p. 241—247.5°, 83 mg. of an acetonide 
fraction of lesser purity, and 86 mg. of crude, partly crystalline 17a-methylcorticosterone 
(X). Part of the latter (80 mg.) was acetylated, as described above, with 1.5 cc. of acetic 
anhydride in 2.5 cc. of pyridine, under nitrogen, and gave 85 mg. of acetate XIII, melting 
after one recrystallization from ether—acetone-hexane at 192-195°, melting point not 
depressed upon admixture with authentic material, infrared spectrum identical with 
authentic acetate XIII. 


A‘-3,11-Dioxo-20£, 21 -diacetoxy-17a-methylpregnene (XIa) and A‘-3-Oxo-11B8-hydroxy- 
20¢,21-diacetoxy-17a-methylpregnene (XIIa) 

A solution of 115 mg. of not completely purified acetonide IX (containing some 
acetonide VIII, slight 11-carbonyl absorption in the infrared), m.p. 260—280°, in 5 cc. 
of acetic acid and 5 cc. of water was heated under carbon dioxide for 65 minutes on a 
boiling water bath. Subsequently, the mixture was diluted with water, extracted with 
ether, and the ethereal solution was washed with sodium bicarbonate solution and water 
and was dried. After removal of the solvent there was obtained 108 mg. of a foamy 
material (XII, contaminated with XI), vE®* 3440, 3420 cm.—' (associated hydroxyl), 
1702 cm.— (low intensity, 73% transmission) (11-ketone), 1659 and 1615 cm.— (A‘-3- 
ketone doublet). The product was acetylated without further purification with 2.5 cc. 

‘of acetic anhydride in 3 cc. of pyridine, under nitrogen, at 45° for 55 minutes and at 
room temperature for 16 hours. The usual working up gave 115 mg. of an amorphous 
product which was chromatographed on 4 g. of aluminum oxide. Petroleum ether-— 
benzene (1:4) eluted 6 mg. of diacetate XJa, crystallizing from ether—hexane, m.p. 
189-192°, showing occasionally a double melting point 188-192°/260°; A™*O# 238 my 
(log ¢ 4.5); vE®t 1735 cm.—' (20,21-diacetate), 1702 cm.—' (11-ketone), 1666 and 1619 
cm.—! (A‘-3-ketone doublet), 1375 cm.— (20-acetate), 1245 and 1232 cm.—' (acetate); 
(compare Fig. 26); vC#C!s 1738 cm.—! (20,21-diacetate), 1707 cm.—! (11-ketone), 1668 and 
1615 cm.—'! (A‘-3-ketone doublet). The following benzene fractions eluted a mixture and 
benzene—ether (4:1, 1:1) and ether eluted 40 mg. of a substance crystallizing from ether- 
hexane. This product (crude diacetate X Ja) was rechromatographed on 2 g. of aluminum 
oxide. Petroleum ether — benzene eluted another 4 mg. of diacetate Xla, the benzene 
fractions eluted a mixture, and the benzene—ether and ether fractions afforded 23 mg. 
of diacetate XIla, which was purified by further chromatography; m.p. 199.5—202.5°, 
yer 3542 and 3420 cm.“ (split 116-hydroxy band),” 1743 and 1720 cm.— (split 20,21- 
diacetate), 1670 and 1656 cm. (split A‘-3-carbonyl band), 1617 cm.—! (3-keto-A‘-double 
bond), 1375 cm.-! (methyl of 20-acetate), 1236 cm.—! (acetate); re ies cm 
(20,21-diacetate), 1667 and 1618 cm.—! (A‘*-3-ketone doublet), 1375 cm.—! (methyl of 
20-acetate). 
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TOXIC FLUORINE COMPOUNDS 
XIII. w-FLUOROALKYL ETHERS}? 


F. L. M. Pattison, W. C. HOWELL, AND R. G. WooLForD 


ABSTRACT 


Representative w-fluoroalkyl ethers have been synthesized. Their toxicological properties 
provide evidence for the rupture im vivo of the ether link. The compound 2-fluoro-1’,2’,2’,2’- 
tetrachlorodiethyl ether (XIII) shows outstanding activity as a systemic insecticide. 


The characteristic toxicological properties of the w-fluorine atom have been outlined 
in earlier reports in this series. In this paper are described representative w-fluoroalkyl 
ethers (Table I), prepared for comparison with the w-fluoroalcohols (16). It was main- 
tained that if the toxicities of these ethers followed the usual dichotomous pattern (16), 
one could argue that the ether link was being split zm vivo, giving the corresponding 
w-fluoroalcohols. 


PREPARATION 


First to be examined were two w-fluoroalkyl methyl ethers, F(CH:2),OCHs3. 6-Fluoro- 
hexyl methyl ether was prepared initially by treatment of 6-fluorohexyl bromide with 
sodium methylate (23% yield); however, considerable quantities of 6-fluoro-1-hexene 
were also isolated, indicating that milder conditions were necessary. Consequently the 
method of Stevens and Deans (20) was examined and found to be satisfactory. This 
involves the addition of the appropriate alcohol to sodium naphthalene (19) and treat- 
ment of the resultant alkoxide with methyl iodide. 5-Fluoroamyl and 6-fluorohexyl 
methyl ethers were thus obtained in yields of 37% and 75% respectively. The yield of 
5-fluoroamyl methyl ether was subsequently raised to 70% by reversing the order of 
addition; thus, by slow addition of the sodium naphthalene to 5-fluoropentanol, the 
alcohol was always in excess and side reactions were minimized. 

Three 4-fluorobutyl ethers were prepared by the following reactions: 


, 


2KF 
Cl(CH2),0(CH2)4Cl ———> F(CH2),O(CH2).F 
I II 


KF 
NaCN 
F(CH2),0(CH2),Cl ———> F(CH2),O(CH2),CN 
III IV 


4,4’-Dichlorodibutyl ether (I), prepared (1, 2) from tetrahydrofuran, was readily con- 
verted to 4,4’-difluorodibutyl ether (II) (89% yield) by heating for 10 hours with excess 
anhydrous potassium fluoride in diethylene glycol at 125°. The fluorochloro ether (IIT) 
was prepared in 41% yield by the technique of partial fluorination (6, 15), whereby the 
reaction is carried out at a slightly higher temperature (130-150°) under reduced pressure, 
1Manuscript received October 18, 1956. 
Contribution from the Department of Chemistry, University of Western Ontario, London, Ontario. Issued 


as D.R.B. Report No. SW-31. 
2For Part XII, see Ref. 10. 
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with the product being continuously removed by distillation. The fluorocyano ether (IV) 
was obtained in excellent yield by treatment of III with sodium cyanide. Attempted 
methanolysis of this to 4-fluoro-4’-carbomethoxydibutyl ether, using methanol and 
anhydrous hydrogen chloride, resulted in the formation of 4-fluorobutanol (4, 16) in 
70.4% yield. The ether linkage is thus susceptible to hydrolytic cleavage even under these 
mild conditions; this is consistent with the biochemical behavior described below. 
Following the observation of Schrader (18) that certain fluorinated polyethers, notably 
V and VI, are good systemic insecticides, and bearing in mind the ether linkage in the 
structure of the efficient contact insecticide 2-thiocyano-2’-n-butoxydiethyl ether (VII), 
we prepared two 2-fluoroethyl ethers for screening as contact and systemic insecticides. 
The first of these, 2-fluoro-2’-n-butoxydiethyl ether (X), is structurally similar to the 


F (CH2)s0CH.O(CH:;).F F(CH:2):0(CH2)20CH20(CH2)20(CH2)F 
V VI 
NCS(CH:)20(CH2) 2OC,Hs 
VII 


thiocyanate (VII); it was prepared from butyl carbitol (VIII) by conversion to the 
bromide (IX), followed by fluorination: 


PBr 
HO(CH:2).0(CH2)20C,H» soon Br(CH2)20(CH2)2O0CyH» 
VIII IX 
——> F(CH:2)20(CH2)20C.H» 
j x 


The second, 2-fluoro-1’,2’,2’,2’-tetrachlorodiethyl ether (XIII), contains both the 2-fluoro- 
ethyl ether group, referred to above, and the trichloromethyl group, associated with the 
well-known insecticide DDT; it was readily prepared from 2-fluoroethanol (XI) and 
chloral by treatment of the intermediate hemiacetal (XII) with phosphorus pentachloride: 


5 





CCI;CHO 
F (CH2),0H ————> F(CH:2),0CH(OH)CCI; > F(CH:2),OCHCICCI; 
XI XII XIII 


Several simple 2-fluoroethyl ethers were prepared in the course of other work. 2-Fluoro- 
ethyl methyl ether and 2-fluorodiethyl ether have been described previously (17). 
2-Fluoro-2’-chlorodiethyl ether and 2,2’-difluorodiethyl ether were prepared in low yield 
by fluorination of 2,2’-dichlorodiethyl ether with potassium fluoride in a stainless-steel 
autoclave; both compounds have been prepared by other workers (7, 8). 


PROPERTIES 


The toxicities of 5-fluoroamyl and 6-fluorohexyl methyl ethers (Table I) approximate 
those of 5-fluoropentanol and 6-fluorohexanol (16), and thus afford a priori evidence for 
the rupture of the ether linkage im vivo. Consistent with this mechanism are the toxicities 
of 2-fluoroethyl methyl ether (LDso 15 mg./kg.), 2-fluoro-2’-n-butoxydiethyl ether (X), 
and 2-fluoro-1’,2’,2’,2’-tetrachlorodiethyl ether (XIII), all of which are similar to that of 
2-fluoroethanol (LDs5o 10 mg./kg.) (16) on a molar basis. 
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This biochemical cleavage of the ether linkage is strikingly confirmed by the results 
obtained with the four butyl ethers (I-IV). The dichloro ether (I), containing no fluorine, 
is non-toxic. The toxicities of the fluorochloro and fluorocyano ethers (III and IV) are 
almost identical, and both are very similar to that of 4-fluorobutanol, on a molar basis 
and within the limits of biological variation. The difluoro ether (II) can theoretically give 
rise to twice the quantity of 4-fluorobutanol on hydrolytic fission, and, according to 
expectation, is approximately twice as toxic as the two monofluoro ethers. The intimate 
relationship of these compounds can clearly be seen by considering the LDso figures in 
terms of mg. of fluorine/kg. (Table II). 


TABLE II 











Mg. of compound/kg. Mg. of fluorine/kg. 
4-Fluorobutanol 0.9 0.18 
4-Fluoro-4’-chlorodibutyl ether 1.32 0.14 
4-Fluoro-4’-cyanodibutyl ether 1.5 0.16 


4,4’-Difluorodibutyl ether 0.82 0.18 





While the metabolic scission of methyl and ethyl aromatic ethers has long been recog- 
nized (3, 9, 21), little is known regarding the fate of aliphatic ethers in vivo. All of the 
above toxicity results provide circumstantial evidence for the rupture of w-fluoroalkyl 
ethers in the animal body. It is probably not unreasonable to extend these conclusions to 
unfluorinated analogues by inferring the existence of a biological mechanism capable of 
promoting the rupture of simple aliphatic ethers. 

All of the fluoroethers listed in Table I with the exception of IV have been tested as 
insecticides (12, 13), in particular for systemic activity. No appreciable phytotoxicity 
was observed with any of the compounds at the concentrations examined (0.1% or less). 
Contact toxicity was low for most of the members, but the butoxy ether (X) showed 
positive activity. Fumigant activity varied widely with the different compounds, with 
the butoxy ether (X) and 6-fluorohexy! methyl ether showing fairly strong activity. 
Systemic action was strong with several of the members, and outstanding with 2-fluoro- 
1’,2’,2’,2’-tetrachlorodiethyl ether (XIII) (14). 

On preliminary testing, XIII appears to be about 15 times more potent than Schradan as 
a systemic insecticide; moreover, its mammalian toxicity (ca. 48 mg./kg., intraperitoneally 
to mice) appears to be less than that of Schradan (18 mg./kg., orally to rats). To compare 
the systemic activity of the two compounds, English broad bean seedlings, heavily in- 
fested with aphids, were washed free from soil and placed in different concentrations of 
the test solutions; the approximate insect mortality was observed after 24 and 48 hours. 
Results are shown in Table III. It can be seen that the fluoro ether (XIII) is active at 
concentrations as low as 1.3 p.p.m. 

During the testing of XIII, the insect mortality continued to increase for at least 
three days. This may have been due to a relatively slow rate of translocation, and/or to 
some necessary biochemical transformation resulting in the formation of a more active 
species. It is not unlikely that the latter is 2-fluoroethanol, a compound which we have 
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TABLE III ; 
MortTALity OF A phis fabae ON BROAD BEAN SEEDLINGS 








Insect mortality, % 











Concentration of Compound XIII Schradan 
insecticide, % 
24 hr. 48 hr. 24 hr. 48 hr. 

Control 0 0 0 0 
0.02 98 64 

0.002 85 25 

0.001 41 90 17 50 
0.0005 42 90 14 30 
0.00025 27 90 2 30 
0.00013 23 75 0 0 





shown to be an effective systemic insecticide in its own right.’ In line with our studies on 
mammalian toxicity (16), 3-fluoropropanol was found to be inactive as a systemic in- 
secticide. 

In order to demonstrate that both the 2-fluoroethyl and chlorine-containing moieties 
of XIII are essential for high activity, the following compounds, containing one but not 
both of the moieties, were tested: 

2-fluoroethyl methyl ether, FCH:,CH2OCHs, 
2-fluoro-2’-n-butoxydiethyl ether, FCH,CH:sOCH2CH,OBu, 
1,2,2,2-tetrachlorodiethyl ether (11), CH3;CH,OCHCICCI;. 
All three were found to be less active than XIII, a fact implying that for high activity 
both moieties of XIII must be present in the same molecule. 


EXPERIMENTAL‘ 
6-Fluorohexyl Methyl Ether 

(a) From 6-fluorohexyl bromide.—Clean metallic sodium (1.27 g., 0.05 g-atom) was 
dissolved in absolute methanol (5 g.), and to the solution was added 6-fluorohexyl 
bromide (15) (9 g., 0.054 mole). The mixture was heated under reflux for 2 hours, cooled, 
diluted with water, and extracted with ether. The extract was washed with water and 
dried over anhydrous sodium sulphate. After removal of the ether, fractionation of the 
product gave 6-fluorohexyl methyl ether (1.5 g., 23%). 

(b) From 6-fluorohexanol.—Sodium naphthalene was prepared (19) in an atmosphere 
of dry nitrogen. Small lengths of sodium wire (1.95 g.) were added to a solution of pure, 
dry naphthalene (10.7 g.) in pure, anhydrous 1,2-dimethoxyethane (100 ml.). The mixture 
was stirred vigorously. After about 15 minutes, the color changed to a dull green which 
gradually darkened as more sodium dissolved. The temperature was maintained at 20-25° 
by intermittent cooling. The sodium had dissolved completely after about 2 hours. 
6-Fluorohexanol (16) was added slowly, and with vigorous stirring, to this freshly pre- 
pared solution of sodium naphthalene until there was a sharp color change from deep 
green to pale yellowish green, indicating that an equivalent of alcohol had been added. 
In this experiment, 5.0 g. of 6-fluorohexanol caused the permanent color change. The 
mixture was cooled to 20° or less, and methyl iodide (8.0 g.) was slowly added. Stirring 

3]t is surprising that Schrader, in referring to the high activity of certain of its esters, ethers, and acetals, has 


stated (18) that 2-fluoroethanol itself shows no activity as an insecticide. 
4Physical constants and analytical results are listed in Table I. 
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was continued for 1 hour after the addition was complete. The mixture was diluted with 
water (150 ml.) and extracted with ether. The extracts, after being dried over anhydrous 
sodium sulphate, were distilled, yielding a small forerun of 1,2-dimethoxyethane and then 
6-fluorohexyl methyl ether (4.2 g., 75%). 


5-Fluoroamyl Methyl Ether 

Sodium naphthalene was prepared as described above, using naphthalene (12 g.) in 
1,2-dimethoxyethane, and sodium (2.1 g.). This freshly prepared solution was slowly 
added to 5-fluoropentanol (16) (5 g.) through a delivery tube under nitrogen pressure 
until a permanent deep green color persisted. Vigorous stirring and cooling were employed 
throughout the reaction. A further quantity of 5-fluoropentanol was added until a final 
medium-green end point was attained. A total of 6.5 g. of 5-fluoropentanol was used. 
With cooling and stirring, methyl iodide (12 g.) was slowly added. Stirring was continued 
for 1 hour after the addition was complete. Isolation and purification were carried out as 
described above, yielding 5-fluoroamyl methyl ether (5.2 g., 70%). 


4,4'-Difluorodibutyl Ether (II) 

A mixture of 4,4’-dichlorodibutyl ether (I) (1, 2) (85 g., 0.43 mole), anhydrous po- 
tassium fluoride (80 g., 1.38 moles), and anhydrous diethylene glycol (400 g.) was heated 
with vigorous stirring at 125° for 10 hours. The mixture was cooled, diluted with an 
equal volume of water, and extracted with ether. The extracts were washed with water 
and dried over anhydrous sodium sulphate. After removal of the ether, the residue on 
distillation yielded crude 4,4’-difluorodibutyl ether (31.6 g., 45%). Redistillation gave 
the pure ether (27.6 g., 39%). 


4-Fluoro-4'-chlorodibutyl Ether (IIT) 

A mixture of 4,4’-dichlorodibutyl ether (I) (1, 2) (88.0 g., 0.44 mole), anhydrous 
potassium fluoride (38.0 g., 0.66 mole), and anhydrous diethylene glycol (400 g.) was 
placed in a 1-liter three-necked flask, equipped with a stirrer, a thermometer, and a 
vacuum distillation take-off. The pressure of the system was reduced to 30 mm., and the 
mixture was heated to 132°, whereupon a liquid started slowly to distill (b.p. 120-125°). 
For the next 2} hours, the reaction temperature was adjusted to give a slow, even rate 
of distillation, ultimately reaching 155°. The distillate (consisting of two layers) was 
dissolved in ether, washed successively with water, 107% aqueous sodium carbonate, and 
water again, and dried over anhydrous magnesium sulphate. After removal of the ether, 
the residue on fractionation yielded 4,4’-difluorodibutyl ether (3.4 g., 5.3%), 4-fluoro-4’- 
chlorodibutyl ether (26.3 g., 33% conversion, 41% yield), and finally unchanged 4,4’- 
dichlorodibutyl! ether (18.1 g.). 


4-Fluoro-4'-cyanodibutyl Ether (IV) 

A mixture of 4-fluoro-4’-chlorodibutyl ether (III) (19.5 g., 0.107 mole), sodium cyanide 
(10.0 g., 0.204 mole), sodium iodide (16.0 g., 0.107 mole), and 80% ethanol (20 ml.) was 
heated under reflux for 4 hours. The mixture was cooled, diluted with water, and ex- 
tracted with ether. The extracts were washed with water and dried over anhydrous 
sodium sulphate. After removal of the ether, the residue on fractionation through a 
modified Podbielniak column yielded the cyanide (IV) (16.9 g., 91%). 

On attempted methanolysis to the corresponding ester using methanol and anhydrous 
hydrogen chloride, the only product isolated was 4-fluorobutanol (70.4%), of boiling 
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point 54-56° at 10 mm. and n?§ 1.3958; Gryszkiewicz-Trochimowski (4) reports b.p. 
52-53° at 11 mm. 
2-Fluoro-2'-n-butoxydiethyl Ether (X) 

Butyl carbitol (VIII) (100 g., 0.62 mole) was slowly added to phosphorus tribromide 
(83.8 g., 0.31 mole) with external cooling. The mixture was slowly heated to ensure com- 
pletion of the reaction; this was accompanied by a series of small explosions in the re- 
action vessel, possibly due to peroxide decomposition. The mixture was cooled and 
diluted with water. The organic layer was separated, washed, dried, and distilled, yielding 
the crude bromide (IX) (106 g., 76%), of boiling point 99-104° at 13 mm. This was used 
in the subsequent fluorination without further purification. 

A mixture of the crude bromide (IX) (100 g., 0.445 mole), anhydrous potassium fluoride 
(65 g., 1.12 moles), and butyl carbitol (500 g.) was heated at 140-150° for 10 hours with 
vigorous stirring. The contents of the flask were then directly distilled under reduced 
pressure through a 30 cm. Vigreux column until the boiling point of butyl carbitol was _ 
reached. The distillate was dissolved in ether and dried over anhydrous sodium sulphate. 
After removal of the ether, fractionation of the residue gave the fluoro ether (X) (11.5 g., 
18%) and unreacted bromide (12 g.). 


2-Fluoro-1' 2’ 2’ ,2'-tetrachlorodiethyl Ether® (XIII) 


Chloral (105.5 g., 0.715 mole) and 2-fluoroethanol (XI) (5) (63.6 g., 0.99 mole) were 
slowly mixed, and allowed to cool to room temperature. Freshly distilled, anhydrous 
ether (120 ml.) was added, and this solution of the hemiacetal (XII) was added slowly 
and with shaking to phosphorus pentachloride (199.0 g., 0.93 mole) in anhydrous ether 
(105 ml.). The temperature of the mixture was maintained between 15° and 20° by means 
of an ice bath. After it was left for 30 minutes, the mixture was poured onto crushed ice 
and stirred vigorously until the evolution of hydrogen chloride ceased. The resultant 
mixture was transferred to a large beaker immersed in ice, and an ice-cold 35% aqueous 
solution of sodium hydroxide was slowly added with stirring until the mixture was just 
alkaline to litmus. The mixture was steam distilled, and the organic layer was separated, 
washed, and dried over anhydrous calcium chloride. After removal of the ether, fraction- 
ation yielded the pure ether (XIII) (88.3 g., 53.5%). 


Preparation of Solutions for Testing as Systemic Insecticides® 

The following typical procedure was used for compounds which are only slightly 
soluble in water. 2-Fluoro-1’,2’,2’,2’-tetrachlorodiethyl ether (0.1 ml.) was dissolved in 
acetone (100 ml.), and a drop of Atlas Detergent No. G8916P was added. One milliliter 
of this solution was suspended in 100 ml. of water, thus giving a concentration of 0.001%. 
Serial dilutions gave the lower concentrations listed in Table III. 


ACKNOWLEDGMENTS 


The work described herein was carried out under contract (DRB X-24) with the 
Defence Research Board, to whom grateful acknowledgment is made for financial 
assistance, and for permission to publish this work. The authors wish also to express their 
indebtedness to the National Research Council for a bursary for one of us (R.G.W.); to 
Dr. M. K. McPhail, Suffield Experimental Station, Ralston, Alberta, and Dr. J. M. 


5Originally prepared in this laboratory by Dr. K. F. Jennings. 
SCarried out by Dr. R. W. Fisher, Science Service Laboratory, London, Ontario. 





148 CANADIAN JOURNAL OF CHEMISTRY. VOL. 35, 1957 


Parker, Defence Research Medical Laboratories, Toronto, for carrying out the toxicity 
determinations; and to Dr. H. Hurtig, Suffield Experimental Station, Ralston, Alberta, 
and Dr. R. W. Fisher, Science Service Laboratory, London, Ontario, for examining the 
insecticidal properties. 


REFERENCES 


1. ALEXANDER, K. and ScHNIEPP, L. E. J. Am. Chem. Soc. 70, 1839 (1948). 

2. ALEXANDER, K. and TowLEs, H. V. Organic syntheses. Vol. 30. John Wiley & Sons, Inc., New York. 
1950. p. 27. 

3. Coomss, H. I. and HELE, T.S. Biochem. J. 20, 606 (1926). 

4. GRYSZKIEWICZ-TROCHIMOWSKI, E. Rec. trav. chim. 66, 427 (1947). 

5. HOFFMANN, F. W. J. Am. Chem. Soc. 70, 2596 (1948). 

6. HOFFMANN, F. W. J. Org. Chem. 15, 425 (1950). 

7. Kitano, H., Fuku, K., and Osaka, T. J. Chem. Soc. Japan, Ind. Chem. Sect. 58, 119 (1955). 

8. Knunyants, I. L., K1L’pIsHEvA, O. V.,and BykHovskKayA, E. J. Gen. Chem. (U.S.S.R.), 19, 93 (1949). 


[English translation. } 

9. KuHLING, O. Inaug. Diss. Berlin. 1887. 

10. MILLINGTON, J. E. and Pattison, F.L. M. Can. J. Chem. 34, 1532 (1956). 

11. NEHER, F. and Foster, W. J. Am. Chem. Soc. 31, 410 (1909). 

12. Pattison, F. L. M. Interim Reports to Defence Research Board, Nos. 3, 4, 5, and 6. 1951-1953. 

13. Pattison, F.L. M. Nature, 174, 737 (1954). 

14. Pattison, F.L. M. Canadian Patent Application Serial No. 715,968. 1956. 

15. Pattison, F. L. M. and Howett, W.C. J. Org. Chem. 21, 748 (1956). 

16. Pattison, F. L. M., HOWELL, W. C., MCNAMARA, A. J., SCHNEIDER, J. C., and WALKER, J. F. J. Org. 
Chem. 21, 739 (1956). 

17. Pattison, F. L. M. and MILLINGTON, J. E. Can. J. Chem. 34, 757 (1956). 

18. ScHRADER, G. Die Entwicklung neuer Insektizide auf Grundlage organischer Fluor- und Phosphor- 
Verbindungen. Verlag Chemie, GMBH., Weinheim. 1951. pp. 6-8. Cf. Brit. Intelligence 
Objectives Subcommittee, Repts. No. 714 and 1095. 

19. Scott, N. D., WALKER, J. F., and HANsLEy, V. L. J. Am. Chem. Soc. 58, 2442 (1936). 

20. STEVENS, P. G. and Deans, S. A. V. Can. J. Research, B, 17, 290 (1939). 

21. Stroup, S. W. J. Endocrinol. 2, 55 (1940). 





A RELATIONSHIP BETWEEN THE CONFORMATIONS OF CYCLOHEXANE 
DERIVATIVES AND THEIR PHYSICAL PROPERTIES! 


R. B. KELty? 


ABSTRACT 


A relationship between the conformations of isomeric cyclohexane derivatives and their 
physical properties is discussed. The relationship is applied to a variety of polysubstituted 
monocyclic and polycyclic compounds, to cyclohexenes, and to pyranosides. 


It is evident from the paper of Pitzer and Beckett (23) and later works (1, 2, 4) that 
for cis—trans pairs of disubstituted cyclohexanes, the isomer which has the higher index 
of refraction and the higher density is the isomer with the less conformational stability. 
Therefore, by stating the Auwers-Skita rule (3) in terms of conformational stabilities 
rather than cis-trans relationships, the anomalies experienced on application of the ~ 
classical rule to 1,3-disubstituted cyclohexanes are obviated. 

Allinger (1, 2) has proposed a more general rule (cf. Kelly cited by Barton and Cookson 
(4)) relating configurational stability to physical properties and has shown that his rule 
is valid for a variety of compounds. Allinger offers a rationalization of his rule and antici- 
pates its validity for the more complex polysubstituted systems to be considered in the 
present paper. 

In the interests of clarity and for convenience, the relationship to be discussed will be 
stated (as a “rule’’) in a form slightly different from that of Allinger’s rule, thus: For 
isomeric cyclohexane and tetrahydropyran derivatives similarly substituted on corre- 
sponding ring carbon atoms, the refractive indices and densities increase with increasing 
number of axial substituents. In the majority of cases an equivalent statement would be 
that the conformational stabilities of such isomers bear an inverse relationship to their 
refractive indices and densities. The relative conformational stabilities are derived from 
the principles of conformational analysis (4). 

The above statement is, in effect, a generalized version of the Auwers-Skita rule but 
it has the advantage of removing the confusion with regard to 1,3-disubstituted cyclo- 
hexanes. Furthermore, it accommodates polysubstituted cyclohexanes and di- and tri- 
cyclic compounds formed by the fusion of cyclohexane rings. For application to di- and 
poly-cyclic systems, substitution is regarded with respect to the most highly substituted 
ring (for example the central ring of perhydrophenanthrene). 

In the following sections the relationship is assessed with regard to a wide variety of 
compounds, some of which have several asymmetric centers. 


MONOCYCLIC COMPOUNDS 


The application of the Auwers-Skita rule to disubstituted cyclohexanes is well known; 
therefore these compounds will not be discussed in detail here. The 3-t-butylcyclohexanols 
I (3°, 1.4660) and II (2°, 1.4684) (28) illustrate the accommodation of 1,3-disubstituted 
cyclohexanes by the revised rule where these compounds are exceptions to the classical 
rule. 

1Manuscript received in original form August 3, 1955, and, as revised, October 10, 1956. Presented at the 
Chemical Institute of Canada Organic Chemistry Division Symposium at Guelph, Ontario, September 6 and 7, 
1956. 

2Present address: Merck & Co. Limited, 560 De Courcelle Street, Montreal, Quebec. 

149 





150 CANADIAN JOURNAL OF CHEMISTRY. VOL. 35, 


I 


The 1,2-dihalocyclohexanes merit special consideration because the trams isomers are 
known to exist as equilibrium mixtures of the diaxial and the diequatorial conformations 
(6, 14, 27) but from the data summarized in Table I it seems apparent that the concen- 
tration of the diaxial form is not large enough to reduce the stability of the trans isomers 
below that of the corresponding cis isomers; consequently there are no exceptions. 


TABLE I 


I 


1957 


PHYSICAL PROPERTIES OF 1,2-DIHALOCYCLOHEXANES (8) 











Cyclohexane derivatives n2s ¥ 

trans-1,2-Dichloro 1.4888 1.180 
cis-1,2-Dichloro 1.4953 1.199 
trans-1,2-Dibromo 1.5507 1.784 
cis-1,2-Dibromo 1.5518 1.803 
trans-1-Bromo-2-chloro 1.5173 1.479 
cis-1-Bromo-2-chloro 1.5238 1.508 





Data from the recent literature (12, 13) affords an opportunity of assessing the relation- 
ship with regard to cyclohexene derivatives. The geometry of the cyclohexene ring (III 
and IV) gives rise to bonds corresponding to axial and equatorial bonds at C; and Cz. and 
to quasi-axial and quasi-equatorial bonds (5) at C; and Cy. If the methyl group of 5- 
methyl-2-cyclohexenyl acetate is assigned to the more stable equatorial orientation* the 
cis isomer has the more stable conformation III while the tvans isomer has the less stable 


conformation IV. 


HzC 


i 


In agreement with the rule, the latter isomer has the higher refractive index and density 
(Table II). Two further examples of 1,3-disubstituted cyclohexenes which, with the 


* For compounds of this type uncertainty or an error in this assignment does not result in an incorrect interpre- 
tation of the rule. 
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TABLE II 
PHYSICAL PROPERTIES OF CYCLOHEXENE DERIVATIVES (12, 13) 











Cyclohexene nis a3t 
cis-5-Methyl-2-cyclohexenyl acetate 1.4508 0.9677 
trans-5-Methyl-2-cyclohexenyl acetate 1.4532 0.979 
cis-5-Methyl-2-cyclohexenyl chloride 1.4730 0.9952 
trans-5-Methyl-2-cyclohexeny] chloride 1.4778 0.998 
cis-Ethyl-5-methyl-2-cyclohexenyl ether 1.4402 0.8690 (47°) 
trans-Ethyl-5-methyl-2-cyclohexenyl ether 1.4447 0.8663 (47°) 





exception of the densities of the last pair, are in accordance with the rule are also given 
in Table IT. 

In terms of the concepts of conformational analysis the menthols may be represented as 
follows (21): menthol V, eee (C:—CHs, C;—OH, and C,—isopropy] all in the equatorial 
orientation) ; neomenthol, eae (C:—CH; and C,—isopropyl in the equatorial orientation 
and C;—OH in the axial orientation); isomenthol, aee; neoisomenthol, aae. Written in 
this order the menthols appear in decreasing order of stability as predicted on a con- 
formation basis. , 

Similarly the carvomenthols, written in decreasing order of stability, may be repre- 
sented thus (21): carvomenthol VI, eee; neocarvomenthol, eae; isocarvomenthol, aee; 
neoisocarvomenthol, aae. In writing the carvomenthols in this manner it is assumed that 
Bose’s (9) analysis is correct, although it seems that some justification can be found in 
the hydrogenation experiments of Johnston and Read (18) for representing isocarvo- 
menthol as aae and neoisocarvomenthol as aee. If the latter structures are correct, these 
two carvomenthols should be interchanged to be placed in the correct order of relative 











stability. 
a ; \ OH - OH u | 
VY W 
TABLE III 
PHYSICAL PROPERTIES OF MENTHOLS AND MENTHYLAMINES 
Menthol Neo Iso Neoiso References 
Menthols 

noo (1) 1.4461-62 (d) 1.4448 (d) 1.4503 24 

(dl) 1.4461-65 (dl) 1.4450 (dl) 1.4510 (dl) 1.4504 24 
_ (1) 1.46096 (d) 1.46030 29 

(dl) 1.46150 (dl) 1.46040 29 


Menthylamines 


= (2) 1.4600 (d) 1.4614 25 


d25 (1) 0.8525 (d) 0.8551 25 
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From the data presented in Tables III and IV it is seen that, with the exception of one 
slight discrepancy in the densities of isocarvomenthol, which may not be real, the carvo- 
menthols are in agreement with the rule. The menthols exhibit two apparent exceptions; 
for conformity to the rule the physical properties of menthol and neomenthol on the one 
hand and isomenthol and neoisomenthol on the other should be interchanged. However, 
the corresponding amines of the former pair are in agreement with the rule. 

The data (11) summarized in Table V demonstrate the validity of the rule for deriva- 
tives of trans (VII)- and cis (VII1)-6,6-dimethyl-2-hydroxycyclohexanecarboxylic acid. 


TABLE IV 
PHYSICAL PROPERTIES OF CARVOMENTHOLS AND CARVOMENTHYLAMINES 








Carvomenthol Neo Iso Neoiso References 











Carvomenthols 
n20 (d) 1.4617 (1) 1.4632 (1) 1.4662 (1) 1.4676 18 
(dl) 1.4637 18 
d2° (d) 0.8995 (2) 0.9012 (1) 0.9109 (J) 0.9102 18 
(dl) 0.904 
Carvomenthylamines 
nes (d) 1.4578 (1) 1.4596 (1) 1.4611 18, 25 
d?5 (d) 0.8505 (1) 0.8558 (1) 0.8587 18, 25 
COOCH; 
COOC Hs; 
OR 


wi wl 


TABLE V 


PHYSICAL PROPERTIES OF 6,6-DIMETHYL-2-HYDROX YCYCLOHEXANECARBOXYLIC 
ACID DERIVATIVES (11) 

















Compound n20 d*° 

VII,R =H 1.4657 1.0511 
VIII,R =H 1.4669 1.0524 
VII, R = Ac 1.4509 1,0452 
VIII, R = Ac 1.4544 1.0480 





DICYCLIC COMPOUNDS 


There are in the literature numerous examples of isomeric substituted decalins which 
are in agreement with the rule on the premise that a trans-decalin is more stable than a 
cis-decalin. But an adequate analysis of these compounds is for the present impossible 
because of the lack of the required data on isomeric substituted decalins in which the 
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exact orientation of the substituents has been determined. The situation is further 
complicated in the case of the cis-decalins because of the possibility that ring conversion 
may give rise to an equilibrium mixture of the two possible conformations (20). 
Attention is directed to the physical properties of the a- and 8-decalyl acetates given 
by Huckel et al. (16), which except for one discrepancy are in accordance with the rule. 
The solution of the stereochemistry of the natural and synthetic cyperones by 
McQuillin (19) affords an opportunity to test further the application of the rule to dicyclic 
compounds. It was shown that the synthetic isomer has conformation IX (n2°, 1.5343; 


D 
d, 1.006) and the natural isomer has conformation X (2°, 1.5292; d, 0.9946). As a conse- 
quence of the more stable equatorial orientation of the isopropenyl side chain, X has the 
more stable conformation and, in accordance with the rule, has lower values for its 


physical properties than IX. 





PERHYDROANTHRACENES 


Cook, McGinnis, and Mitchell (10) have tentatively assigned structures to three 
perhydroanthracenes by consideration of the method of production by hydrogenation of 
corresponding unsaturated compounds. It seems significant that the structural assign- 
ments by Cook ef a/., the relative energy values (£) assigned to the structure by Johnson 
(17) on a theoretical basis, and the physical properties are accommodated without 
exception (Table V1). 


TABLE VI 
PERHYDROANTHRACENES (10) 














Structural 
assignment 
by Cook et al. M.p. E n° ae 
t-s-t 90 0 1.4637 0.8647 
c-s-t 32 2.4 1.4700 0.8788 
c—-s—C 62 6.4 1.4810 0.9021 
PYRANOSIDES 


The evidence presented in Table VII suggests that the rule is also applicable to the 
pyranosides. The “‘instability ratings” in Table VII have been assigned by means of a 
modification of the arbitrary system used by Reeves (26) to show that the normal 
conformation of a pyranoside (C1 or 1C chair form) can be predicted on a conformational 
basis. The instability ratings are meant to be a measure of the relative stabilities of the 
isomers within each group. An ordinary axial group has been assigned one instability 
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unit; A2 instability (26), 2.5 units; C;——CH2OH group in the axial orientation, but not 
involved in the Hassel and Ottar effect (26), 2.0 units; C;—CH.2OH group with Hassel 
and Ottar effect, 2.5 units. If the instability ratings (total instability units) of the Cl and 
1C conformations of a particular pyranoside differ by one unit, or less, then the pyranoside 
is assigned the Cl < 1C conformation; if the difference is greater than one unit, then the 
pyranoside is assigned exclusively to the conformation with the smaller instability rating 
(cf. Reeves (26)). By adopting this system the two cases (those of methyl-8-D-mannosides 
and methyl-a-D-gulosides) where the stable conformations predicted by Reeves differed 
from the experimentally determined normal conformations were brought into line. 

In Table VII isomers which may be directly compared are grouped together and each 
group is arranged in decreasing order of predicted stability. All compounds, with the 
exception of the arabinosides, belong to the D-series. 


TABLE VII 


RELATIONSHIP BETWEEN CONFORMATIONAL STABILITY AND PHYSICAL 
PROPERTIES OF PYRANOSIDES 











Stable 88 Instability 
Pyranoside conformation Ny rating References 
Methyl-tetra-O-methyl-8-p-glucoside Ci 1.4399 0 15 
Methy!l-tetra-O-methyl-a-pD-glucoside ci 1.4444 1.0 15 
Methyl-tetra-O-methyl-8-p-galactoside Cl 1.4467 1.0 7 
Methyl-tetra-O-methyl-a-p-mannoside Ci 1.4478* 2.0 p. 307f 
Methyl-tetra-O-methyl-a-p-galactoside Cl 1.4490 2.0 7 
Methyl-tetra-O-methyl-8-p-mannoside Cl 1.4517* 2.5 p. 629 
Methy]l-2,3,6-tri-O-methyl-8-p-glucoside C1 1.4529 0 15 
Methyl-2,3,6-tri-O-methyl-(a+8)-p-glucoside Cl 1.4569 a=1 15 
(50% mixture) B=0 

Methyl-tri-O-methyl-8-pD-xyloside ct 1.4368t 0 p. 287 
Methyl-tri-O-methyl-a-b-xyloside Cl 1.4408 1 p. 287 
Methyl-tri-O-methyl-a-L-arabinoside Cl 1.4468 1 p. 285 
Methyl-tri-O-methyl-a-p-lyxoside Ci, iC 1.4438 2 p. 287 
Methyl-tri-O-methyl-8-L-arabinoside Cl 1.4462 2 p. 285 





*A temperature coefficient of 0.0004 units per degree has been used to convert to _. 

tReferences cited in this manner give the page number of Vogel und Georg ‘‘Taballen der Zucker und ihrer 
Derivate’, Edwards Brothers Inc., Ann Arbor, Mich. 

tA temperature coefficient (22) of 0.00036 units per degree has been used to convert the pentose derivatives 
20, 


t 
” "D 


With the exception of the methyl-a-L-arabinoside, the order of stabilities predicted on 
a conformational basis and the corresponding values of the refractive indices are in 
agreement with the proposed rule. 

Although there are a few exceptions, some of which may be attributable to the experi- 
mental difficulties of obtaining pure compounds, it seems evident that the relationship 
discussed in the present communication should be useful as a guide for the solution of 
stereochemical problems. Certain qualifications may prove to be necessary, particularly 
with regard to relative conformational stabilities (for example the case of the hydrin- 
dans (2)). 
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TRIARYLMETHANE COMPOUNDS AS REDOX INDICATORS 
IN THE SCHOENEMANN REACTION 
II. SYNTHESES OF THE TRIARYLMETHANES! 


D. Morison Situ, R. BLANCHFIELD, J. L. THoMPsON, AND G. A. GRANT 


ABSTRACT 


The syntheses and properties of a series of 4,4’-thenylidene bis[N,N-dimethylaniline] com- 
pounds, variously substituted in the thiophene ring, are reported. These compounds were 
tested as redox indicators in the Schoenemann reaction for the detection of phosphono- 
fluoridate esters in solution. The most effective indicator was 4,4’(5-methyl-4-propyl-2- 
thenylidene) bis[N, N-dimethylaniline]. 


INTRODUCTION 

The previous paper of this series (9) dealt with the mechanism of the Schoenemann 
reaction when a triarylmethane compound was used as the redox indicator. It was sug- 
gested that the perphosphonate formed from the interaction of the phosphonofluoridate 
esters and alkaline peroxide liberated hypochlorous acid from chloride ion upon acidifi- 
cation. The hypochlorous acid then oxidized some of the leuco compound to the violet dye. 

It was proposed to employ this modified Schoenemann reaction to determine very low 
concentrations of the phosphonofluoridate ester. The compound most suitable for this 
purpose would have, in the dye form, the highest extinction coefficient under the optimum 
conditions for the reaction. It would also have a redox potential between —0.7 and 
— 1.0 volts. 

To determine the most suitable triarylmethane compound for this reaction, variously 
substituted triarylmethanes were synthesized within a restricted range of substitution. 
The compounds tested in the preliminary screening were modifications of leucomalachite 
green with the unsubstituted benzene ring replaced by the furan or thiophene nucleus. 
Leucomalachite green itself and the furan analogue prepared by the usual method (7) 
were found to be ineffective as indicators in this reaction sequence as they were oxidized 
by the peroxide employed to react with the phosphonofluoridate esters. 





R’ R” 
> 
i CH Y S—N(CHs)s 
a 
\/ 
N(CH): {1} 


However, “thiophene malachite green’? (I: R = R’ = R” = H) showed promise, and 
the compounds made for testing in this reaction were therefore all of type I with various 
R groups. Alkyl substituents proved particularly effective; thus mainly compounds of this 
type were investigated. 

1Manuscript received September 24, 1956. 
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EXPERIMENTAL 


The general method of preparation consisted of the synthesis of various substituted 
thiophenealdehydes and their condensation with dimethylaniline by the use of anhydrous 
zinc chloride. In all cases the condensation reaction described by Mason and Nord (16) 
was employed to form the leuco base. 


I(a) 4,4'-Thenylidene bis|N,N-dimethylaniline] (1: R = R’ = H) 


The 2-thiophenealdehyde was prepared on a large scale by a method reported by 
Hartough (10 (pp. 310 and 510), 11, 12) and Angyal et al. (2). 

I(b) 4,4’-5-Methyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = CH;, R’ = R” = H) 

The 5-methyl-2-thiophenealdehyde was prepared by the formylation of 2-methyl- 
thiophene employing the Weston and Michaels method (23). 

The 2-methylthiophene was prepared by Huang-Minlon’s modification of the Wolff- 
Kishner reduction (17). 

An alternative route to 2-methylthiophene was the reaction of levulinic acid with 
‘phosphorus heptasulphide’’ (P,S;). The procedure given in Organic Syntheses (19) was 
modified as follows. A mixture of the monosodium salt of the alkyl succinic or levulinic 
acid (0.2 mole), sea sand or pumice (40 g.), and phosphorus heptasulphide (110 g.) was 
. dry distilled from a 1 liter flask in a current of oxygen-free nitrogen. The reaction flask 
was heated gradually to 300° C. or higher. The liquid distillate was collected in an ice- 
cooled receiver and the gaseous distillate washed by being bubbled through chilled ether 
using a wash bottle fitted with a fritted glass gas dispersion disk. Two consecutive runs 
were made and the products from the condenser, receiver, and wash bottle were trans- 
ferred to a separatory funnel and washed three times with 10% sodium hydroxide. The 
ethereal solution was dried over sodium sulphate and the ether removed by distillation. 
The product was then distilled at atmospheric pressure. The yield, using levulinic acid, 
was below 20% of the theoretical. 


I(c) 4,4'-(5-Ethyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = C2Hs, R’ = R” = H) 
The 5-ethyl-2-thiophenealdehyde was prepared by applying to 2-ethylthiophene the 

Vilsmeier modifications of the formylation (23, 15). This latter compound was prepared 

by the reduction of 2-acetothienone using a modified Wolff-Kishner reaction (17), and 


the 2-acetothienone was made by acetylation of thiophene with acetyl chloride using 
stannic chloride as catalyst (14). 


I(d) 4,4'-(5-Propyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = CH, R’ = R” = H) 
This leuco compound was synthesized exactly as described for the ethyl substituted 

compound (I(c)) (16, 23, 15, 17) except that propionyl chloride was used to give 2-propio- 

thienone in the Friedel-Crafts acylation (14). 

I(e) 4,4'-(5-Phenyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = CeHs, R’ = R” = H) 
The 5-phenyl-2-thiophenealdehyde was prepared by the application of the Vilsmeier 

formylation to 5-phenylthiophene. The product was not distilled, however, but was 

crystallized from ethyl alcohol — water; melting point 92° to 93° C. The 5-phenylthiophene 

was synthesized as described by Gomberg (8). 

I(f) 4,4'-(5-Chloro-2-thenylidene)bis[N,N-dimethylaniline] (1: R = Cl, R’ = R” = H) 
The 5-chloro-2-thiophenealdehyde formylation (23, 15) of 5-chlorothiophene, which is 

available commercially. 
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I(g) 4,4'-(5-Bromo-2-thenylidene)bis| N,N-dimethylaniline] (1: R = Br, R’ = R” = H) 

The 5-bromo-2-thiophenealdehyde was prepared by the modified formylation (23, 15). 
Phosphorus oxybromide had to be used to catalyze the formylation of bromothiophene, 
since the use of phosphorus oxychloride led to a halogen interchange between the thio- 
phene and the catalyst and gave a mixture of products. 
I(h) 4,4'-(5-A cetamido-2-thenylidene)bis|N,N-dimethylaniline] (I: R = CH;CONH, 

R’ = R” = H) 

5-Acetamido-2-thiophenealdehyde was prepared from 2-acetamidothiophene by the 
modification of the Vilsmeier reaction introduced by Campaigne and Archer (5). 

The acetamidothiophene was made from thiophene by nitration using the procedure 
of Steinkopf (20), reduction with tin according to the directions in Hartough (10, p. 513), 
and acetylation of the tin salt by the method of Steinkopf (21). 


I(t) 4,4’-(3-Methyl-2-thenylidene)bis[|N,N-dimethylaniline] (1: R = R’ = R” = CHs) 

This leuco compound was synthesized in the regular manner. The 3-methyl-2-thio- 
phenealdehyde was the product of the modified Vilsmeier reaction (23, 15) using 3-methyl- 
thiophene. 

The 3-methylthiophene was obtained by reacting phosphorus heptasulphide and 
sodium pyrotartrate (19). The yield in this case was from 33 to 38% of the theoretical 
amount of 3-methylthiophene. The sodium pyrotartrate (monosodium salt of a-methyl 
succinic acid) was made by the procedure described in Organic Syntheses (3). 

I(j) 4,4'-(3,4-Dimethyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = H, R’ = CHs) 

This material was prepared from the 3,4-dimethyl-2-thiophenealdehyde, which was 
produced by the modified formylation (23, 15) of 3,4-dimethylthiophene. 

This dialkylthiophene was obtained by a new application of the Hinsberg condensation 
of dicarbonyl compounds with thiodiglycolic ester (13). For this series of reactions, 
0.2 mole of thiodiglycolic ester, prepared according to the method of Overberger and 
co-workers (18), in 200 ml. of absolute methanol was added to a solution of 0.2 mole of 
diacetyl in 200 ml. of absolute methanol. The solution was cooled to —20° C. with 
vigorous stirring and to it was added a solution of 12 g. of sodium metal in 120 ml. of 
methanol. The reaction mixture was allowed to reach room temperature gradually and 
was stirred for 4 hours. Water was then added and the organic solvent was removed by 
distillation on a steam bath. This process saponified the ester to the acid. The aqueous 
residue was then cooled, acidified, and filtered. The plaster-like material was dried in air. 
The yield was about 50%. The acid so obtained, 3,4-dimethylthiophene-2,5-dicarboxylic 
acid, was decarboxylated to 3,4-dimethylthiophene in 20% yield by dry distillation of 
three parts of acid with one part of precipitated copper powder. 

I(k) 4,4'-(4,5-Dimethyl-2-thenylidene)bis|N,N-dimethylaniline] (I: R = R’ = CHs, 
R” = H) 

The 4,5-dimethyl-2-thiophenealdehyde was prepared from 4,5-dimethylthiophene by 
the formylation method previously described (23, 15). 

The alkylthiophene was the product of the Huang-Minlon modification of the Wolff- 
Kishner reduction of 3-methyl-2-thiophenealdehyde, the latter compound béing the 


product of the formylation (23, 15) of 3-methylthiophene. 
A second method used for obtaining the 4,5-dimethylthiophene was by cyclizing 
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sodium 8-methyllevulinate with phosphorus heptasulphide. This was carried out using the 
procedure recorded under compound I(d) but the yields were from 5 to 10%. The sodium 
salt was obtained from 6-methyllevulinic acid, according to the directions of Steinkopf 
(22). The ester was prepared by the alkylation of ethyl acetosuccinate with methyl iodide 
following the method of Bruhl (4), the ethyl acetosuccinate having been synthesized as 
in Organic Syntheses (1). 


I(l) 4,4'-(6-Ethyl-4-methyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = CHs, 
R’ = CH;, R” = H) 

This compound was prepared employing procedures outlined for compound I[(k) (15, 
16, 17, 23). The 5-ethyl-4-methylthiophene was synthesized from 3-methylthiophene and 
the 3-methylthiophene was obtained by cyclizing pyrotartrate with phosphorus hepta- 
sulphide. 


I(m) 4,4'-(4-Ethyl-5-methyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = CHs, 
R’ = C.H,, R” = H) 

This compound was produced by the usual chain of reactions from 2-methyl-3-ethyl- 
thiophene to the aldehyde (23, 15) and then to the leuco compound (16). 

The 2-methyl-3-ethylthiophene was produced in 10 to 20% yield by the ring closure of 
_ sodium 8-ethyllevulinate with phosphorus heptasulphide described under compound I(8). 
The sodium 8-ethyllevulinate was obtained exactly as described earlier for 6-methyl- 
levulinate (compound I(k), second method) using ethyl iodide instead of methyl iodide 
for the alkylation (1, 4, 22). 


I(n) 4,4'-(4-Methyl-5-propyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = CH, 
R’ = CH;, R” = H) 

This material was prepared like compound I(/), using propionyl chloride instead of 
acetyl chloride in the original Friedel-Crafts acylation of 3-methylthiophene. 
I(o) 4,4'-(3,4-Diphenyl-2-thenylidene)bis|N,N-dimethylaniline] (1: R = H, 

R’ = R” = CoHs) 

The 3,4-diphenyl-2-thiophenealdehyde was obtained by the modified Vilsmeier formyl- 
ation (23, 15) of 3,4-diphenylthiophene. 

The 3,4-diphenylthiophene was produced by decarboxylating 3,4-diphenylthiophene- 
2,5-dicarboxylic acid with copper chromite catalyst in quinoline. A mixture of the diacid 
(three parts) and copper chromite (one part) was refluxed for 1 hour in quinoline. The 
reaction mixture was then cooled and the quinoline was precipitated with the theoretical 
quantity of zinc chloride dissolved in 6 N hydrochloric acid. The insoluble quinoline — zinc 
chloride — hydrochloride salt was then extracted six times by being ground in a mortar 
with portions of benzene, and filtered. The benzene extracts were dried and concentrated. 
The organic residue was recrystallized from ethanol. The yield was 35%. 

The above diacid was synthesized by the Hinsberg condensation of benzil with thio- 
diglycolic acid (13). This procedure was modified by using 200 ml. of ether as solvent for 
the benzil and carrying out the reaction at 10° C. 


I(p) 4,4'-(8-Bromo-4-methyl-2-thenylidene) bis|N,N-dimethylaniline] (1: R = Br, 
R’ = CH;, R” = H) 
The 5-bromo-4-methyl-2-thiophenealdehyde was the produce of the modified Vilsmeier 
reaction (23, 15), using phosphorus oxybromide. The bromomethylthiophene was synthe- 
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sized by peroxide-free bromination of 3-methylthiophene with one molar equivalent of 
N-bromosuccinimide. This gave a mixture similar to that obtained by Dittmer and co- 
workers (6) which was separated by fractional distillation. 


Purification of Leuco Compounds 


Most of the substances were crystallized several times from ethanol—water, and some 
from benzene-ethanol; in some cases the compounds were dissolved in chloroform and 
chromatographed through an alumina column. After compounds I(e) and I(m) were 
tested, there was insufficient pure sample left for melting point determination and 
analysis. The melting points were determined on a Kofler block. 


Procedure for Testing the Leuco Compounds as Redox Indicators in the Schoenemann 
Reaction Sequence 

The procedure mentioned in the first paper of this series (9) was followed. One milliliter 
of a 4% aqueous solution of sodium pyrophosphate peroxide (NazP:07.2H:O2) was added 
to 10 ml. of an aqueous solution of sarin, the isopropyl ester of methyl phosphonofluoridic 
acid, whose concentration of from 5 to 10 p.p.m. had been accurately determined. The 
solutions of sarin and sodium pyrophosphate peroxide were mixed and, within 30 seconds, 
1 ml. of a 1:16 hydrochloric acid solution of the leuco compound was added. The blank 
was made up in the same fashion, using distilled water in place of the sarin solution. 
Optical density readings were taken in 1 cm. Corex cells using the Beckman Model DU 
spectrophotometer. Measurements were made at the absorption maximum, 7 minutes 
after the mixing of the acidified indicator and perphosphonate solutions. Previous experi- 
ence justified the use of Beer’s law to calculate the optical densities for all samples at a 
sarin concentration of 5 p.p.m. 


RESULTS AND DISCUSSION 


The melting points and analyses for the compounds prepared are given in Table I. 
Although great care was taken to purify the compounds, melting point ranges up to 
7° C. were noted. The agreement between the calculated and observed values for the 


TABLE I 
PROPERTIES OF THE LEUCO COMPOUNDS 




















Analyses 
Calculated, % Found, % 
Compound M.p., 

No. Os Formula Cc H N S Cc H N S 

I(a) 93-95 CoHoaNeS 74.95 7.19 — 9.53 74.98 7.17 — 9.69 
I(b) 131-133 CoHegNS 75.38' 7.48 — 9.15 (noe 7.84 — 9.26 
I(c) 119-122  C.2;H2sN2S 75.78 = 7.74 — 8.79 75.45 7.50 — 8.66 
I(d) 130.5-132.5 CosH3oN2S 76.14 7.99 — 8.47 76.52 8.11 — 8.44 
I(f) 133-135 = CnHe3NeSCl 67.99 6.25 7.55 8.64 67.55 6.11 8.12 8.76 
I(g) 150-152 CxaHesNeSBr 60.72 5.58 6.86 7.72 60.53 5.45 6.75 — 

I(h) 219-226 C.;H2zN;SO 70.19 692 10.68 8.14 70.31 6.87 10.86 8.26 
I(7) 115.5-118.5 CsHegN2S 75.38 7.48 — 9.15 75.27 7.60 — 9.27 
I(j) 128-134 C23;HesNS 75.78 7.74 — 8.79 75.72 =7.76 — 9.11 
I(k) 129-132 Co3H2gN2S 75.78 7.74 — 8.79 75.66 7.36 — 8.44 
I (2) 129-131 CogH goNeS 76.14 7.99 — 8.47 — 7.83 — 8.44 
I(n) 104-106 C2sH 32N2S 76.48 8.22 — 8.17 76.47 = 8.33 — 8.40 
I(0) 188-195 C33H32N2S 81.10 6.66 — 6.56 80.93 6.29 —— 6.76 
I(p) 146-149 C2H2sN2SBr 61.53 5.87 6.53 7.47 61.34 5.84 6.70 7.90 








8 
is 
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elemental analyses suggested that the correct compounds had been synthesized and were 
more than 95% pure. 

Substitution in the thiophene ring of these leuco dyes appeared to have an influence 
upon their effectiveness as redox indicators in the Schoenemann reaction. This effective- 
ness is expressed quantitatively in Table II. A given type of substitution may affect the 


TABLE II 
COLOR DEVELOPED IN THE SCHOENEMANN REACTION SEQUENCE 








Leuco compound used as redox indicator 














Formula I with: Absorption maximum 
Compound R R’ R” Wavelength, 

No. (5) (4) (3) mu Optical density* 
I() C;H; CH H 614 0.782 
I(k) CH; CH; H 614 0.597 
I(m) CH; C:H; H 614 0.495 
I(0) H CoH; C,H; 620 0.062 
I(d) C;3H; H H 615 0.053 
I(c) C.H; H H 616 0.051 
I(b) CH; H H 616 0.050 
I(p) Br CH; H 624 0.025 
I(g) Br H H 476 0.020 
I(7) H CH; CH; 610 0.012 
I(a) H H H 625 0.010 
I(e) CoH; H H 632 0.010 
I(f) Cl H H 634 0.010 
I(z) H H CH; 620 0.003 





*Intensities converted to 3 p.p.m. aqueous sarin. 


following parameters: the redox potential; the extinction coefficient of the dye formed; 
the efficiency of the oxidation of the leuco compound by the hypochlorous acid; the 
stability of the dye, once formed, to the bleaching action of the medium (probably 
related to the potential at which destructive oxidation of the dye would occur); and the 
solubility of the leuco compound. 

Although it is not certain which, if any, of these parameters is involved, some trends 
have been observed. Monosubstituted compounds with phenyl or halogen in the 5-position 
of the thiophene ring (compounds I(e), I(f), and I(g)) gave about the same absorption 
intensity on reaction as the parent leuco thiophene malachite green. Alkyl substitution in 
the 3-position had an adverse effect (compound I(7)) also apparent in the 3,4-dimethyl 
compound (I(j)). The intensity values were of a much higher order with 4,5-dialkyl 
substitution (compounds I(k), I(/), I(m), I(m)). A synergistic effect was observed when 
the 4,5-substituents were both alkyl, which was not observed when the 5-substituent was 
halogen (compound I(p)). The most effective members of this class had a long aliphatic 
side chain in position 5 and a methyl group (the shortest possible side chain) in position 4 
(compounds I(k), I(/), and I(m)). Further comments on the effect of substitution on the 
dye spectra will be given in a later paper. 
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ULTRAVIOLET IRRADIATION OF PYRIMIDINE DERIVATIVES 
I. 1,3-DIMETHYLURACIL' 


A. M. Moore? ann C. H. THomson? 


ABSTRACT 


The isolation, analysis, and synthesis of the principal product of the ultraviolet (2537 A) 
irradiation of aqueous 1,3-dimethyluracil has made it possible to establish that the irradiation 
results in hydration of the 5:6 double bond of the uracil ring to form 1,3-dimethyl-6-oxy- 
hydrouracil. This hydration is spontaneously reversible, the dehydration being catalyzed 
by either acid or base. Kinetic studies of the catalyzed regeneration reactions are reported. 


INTRODUCTION 


In a preliminary note (6) we have reported the isolation of the principal product 
of ultraviolet irradiation of aqueous 1,3-dimethyluracil. The isolated material shares 
with the photodecomposition products of certain other pyrimidine derivatives, such 
as uridylic acid and cytidine deoxyriboside, the property of regenerating the parent 
compound in acid or alkaline solution (7), a phenomenon first observed by Sinsheimer 
and Hastings (12) in the case of irradiated solutions of uracil and uridine. 

1,3-Dimethyluracil (1) was selected by us as a model for the investigation of the 
nature of this reaction chiefly because of its convenient solubility properties. 


rt rf 
C—CH C—CH; 
fe % f 
H;C—N CH H;C—N CHOH 

F x PA 

TA i 
O CH; O CH; 

I Il 


The present paper gives a complete account of the isolation procedure and additional 
information regarding the properties of the photodecomposition product of 1,3-dimethyl- 
uracil. It also includes the results of kinetic studies and evidence which establishes 
the structure of the product of irradiation as 1,3-dimethyl-6-oxy-hydrouracil (II). 


. EXPERIMENTAL AND RESULTS 
Materials 
The 1,3-dimethyluracil used in these experiments was synthesized from uracil by 
the method of Davidson and Baudisch (1) and purified by repeated recrystallization 
from hot ethanol: m.p. 123°, lit. (1) m.p. 123-124°. Calc. for CsHsN2O2: N, 20.00%. 
Found: N, 20.04%. Molar absorptivity at 2660 A, 8.60 x 10%, in water. 


Irradiation 
The irradiation vessel consisted of a double-walled, cylindrical, quartz tube made 
from coaxial tubes of inner diameters 1.7 and 2.7 cm. and 1.5 mm. wall thickness. The 
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annular space between these served as a jacket through which water was passed to 
control the temperature at about 10°. 

Fifty-milliliter portions of a 0.2 M aqueous solution of 1,3-dimethyluracil were 
irradiated in the inner tube (Fig. 1) while an air stream was bubbled through the 
solutions to keep them well mixed. 
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SECTION 


Fic. 1. Irradiation apparatus. (A) Double-walled quartz tube. (B) Mercury-vapor lamps. 


The source of ultraviolet light was a set of six low-pressure, mercury-vapor lamps 
(15 watt, G.E. Germicidal Lamps) arranged symmetrically about the quartz tube and 
approximately 0.5 cm. from it (Fig. 1). The array of lights was surrounded by a 
cylindrical metal shield and was air-cooled. This light source emits about 90% of its 
energy at a wavelength of 2537 A. 

Irradiation of the solution was continued until examination of aliquots indicated 
that the optical density at 2660 A, the maximum of the first ultraviolet absorption band 
of 1,3-dimethyluracil, had fallen to about one-third of its original value (80 to 100 


hours irradiation). 


Isolation of the Principal Product of Irradiation 


1,3-Dimethyluracil may be extracted readily from its water solution with chloroform 
(partition coefficient, at 20°, 3.47 in favor of the chloroform) whereas tests showed 
that the acid-reversible product of irradiation remained in the water phase (partition 
coefficient about 0.03). 

The irradiated solution was therefore extracted five times with 50 ml. portions of 
chloroform. In the early experiments, the aqueous layer was then lyophilized: in later 
preparations, after the chloroform extraction, it was found to be sufficient to evaporate 
the solution at room temperature with an air stream directed against its surface. 
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The residue was a crystalline solid varying in color from pink to violet in different 
runs. It was found that this color could be completely removed by dissolving the solid 
in chloroform (10 ml.), passing the solution through a short column (2 cm. X 1 cm.) 
of alumina (Merck, ‘‘for absorption’’), and washing with chloroform (3 X 10 ml.). 
The colored products remained on the alumina whereas the ‘reversible’ product 
passed through with the chloroform. It was found to be important to avoid prolonged 
contact of the solution with the alumina since the latter catalyzes the regeneration of 
1,3-dimethyluracil and thus diminishes the yield of product. 

The colorless solution obtained from the column was evaporated in an air stream 
at room temperature, dried over P:O;, redissolved in chloroform (5 ml.), and induced 
to crystallize by the addition of n-hexane (10 ml.) followed by storage at 4°. The pure 
white needles were recrystallized five times in the same way. The final product was 
dried im vacuo over P.O;. Yield, in different runs, 0.6 to 0.7 g. (57 to 66% of theory). 


Properties of the Isolated Compound 


The physical properties, analysis, and molecular weight of the ‘‘reversible’’ product 
have been reported previously (6). Our purest preparations have a melting point of 
104-105°. 

When a weighed portion of the compound is heated at 100° for 5 minutes at pH 1 
(HCl) or pH 10 (NH,OH) it is quantitatively converted to 1,3-dimethyluracil (Fig. 2). 
Since aqueous solutions of the photolysis product show only end-absorption (below 
2500 A) in the ultraviolet, this reconversion to 1,3-dimethyluracil, which may be 
followed spectrophotometrically at 2660 A, provides a convenient procedure for analysis 
and has been used in the kinetic studies reported here. The absence of any detectable 
change in the absorption spectrum of 1,3-dimethyluracil within the pH range 1 to 11 
makes the interpretation particularly simple. 
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Fic. 2. Absorption curves. (A) Product Fic. 3. Difference spectra showing the 
of irradiation, 10-* M in water. Points on changes in optical density that occur on 
curve (B), product of irradiation, 10~* M, treating with acid the product of photolysis 
after heating at 100° for 5 minutes at pH 1. of 1,3-dimethyluracil (solid line) and the 
Solid curve (B), 10-!M 1,3-dimethyluracil product of reduction of 5,5-dibromo-1,3- 
in water. di-methyl-6-oxy-hydrouracil (open circles) ; 
both 107-* M. 
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Kinetics of the Acid- and Base-catalyzed Regeneration of 1,3-Dimethyluracil 

The regeneration of 1,3-dimethyluracil from the product of irradiation as a result 
of acid or base catalysis at a constant pH follows first order kinetics as shown in Figs. 
4 and 5. 
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Fic. 4. Progress curves, at various tem- Fic. 5. Progress curves at 25° for the 
peratures, for the acid-catalyzed regenera- alkali-catalyzed regeneration of 1,3-di- 
tion of 1,3-dimethyluracil from its product methyluracil from its product of photo- 
of photolysis (0.05 M acetate buffer, pH lysis. D is the optical density at 2660 A. 


4.76). D is the optical density at 2660 A. 


Using the first order rate constants derived from the data of Fig. 4, an Arrhenius 
plot yields a straight line (7) the slope of which corresponds to an activation energy 
for the regeneration process of 22.6 kilocalories per mole at pH 4.76. 

The variation of the velocity constant with pH has been reported earlier (7). The 
product of photolysis is most stable at pH 5. Between pH 1 and 5 the velocity constant 
varies linearly with the hydrogen ion concentration so that: 


—dc/dt = k{H*]{c] 


where c is the molar concentration of irradiation product and & has the value 0.0324 
l.sec.—'mole—! at 20°. 


Heterocatalytic Regeneration 

In the course of the purification studies it was observed that the amount of free 1,3- 
dimethyluracil in a chloroform solution of the partially purified product of photolysis 
was greatly increased if the solution was passed through a column of aluminum oxide 
5 cm. long. 
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Also, when 25 ml. of a 10-* M aqueous solution of the isolated product of irradiation 
was stirred for 15 minutes at room temperature with platinum black (prepared by 
reducing with hydrogen 0.2 g. of Adams’ catalyst (3)) and the solution was then filtered 
and examined spectrophotometrically, conversion to 1,3-dimethyluracil, to the extent 
of 36%, was found to have occurred. Control solutions similarly stirred and filtered 
but not exposed to the platinum exhibited no significant change. 


Synthesis of 1,3-Dimethyl-6-oxy-hydrouracil 


For comparison with the product of photolysis of 1,3-dimethyluracil, it was desired 
to synthesize 1,3-dimethyl-6-oxy-hydrouracil. The most direct route to this compound 
appeared to be by the reduction of the easily accessible 5,5-dibromo-1,3-dimethyl-6- 
oxy-hydrouracil (5). 

In view of the sensitivity of the product of photolysis to extremes of pH, strongly 
acidic or alkaline reducing agents had to be avoided. Even catalytic reduction using 
platinum and hydrogen generates hydrogen bromide which must be continuously . 
neutralized; this reduction is further complicated by the catalytic action of platinum 
noted earlier. Very small yields (about 7%) of the desired product have been obtained 
by this method using Adams’ catalyst. 

More satisfactory results have been obtained by using zinc dust as the reducing agent 


at pH 4 to 5. 


I i 

Fmt pe 
% Zn,H: 
H;C—N toon | CN CHOH 

~ i pH 4-5 4 / 

i. . 

| 

O CH; O CH, 


The procedure finally adopted was as follows: 2.0 g. of freshly prepared 5,5-dibromo-1,3- 
dimethyl-6-oxy-hydrouracil (5) (m.p. 134—136°, lit. m.p. 135-136°) were dissolved in 
200 ml. of water at room temperature. A magnetic stirrer operating rapidly was used 
to promote solution which otherwise was very slow. When solution was complete 2.0 g. of 
zinc dust was added, followed by 1.0 ml. of glacial acetic acid, and rapid stirring was 
continued. After about 2 minutes the unreacted zinc was filtered off and the solution 
was extracted four times with 100 ml. portions of chloroform to remove 1,3-dimethyl- 
uracil formed as a by-product. 

Spectrophotometric examination of an aliquot of the aqueous solution at this stage 
indicated a yield of about 25% of the desired product based on the increase in optical 
density at 2660 A on acid treatment. 

The zine was largely removed by addition of 2.8 g. of potassium oxalate dissolved in 
25 ml. of water. The precipitated zinc oxalate was filtered off after standing for 2 hours 
and the filtrate was evaporated to dryness at room temperature in several large Petri 
dishes in a rapid air stream. 

The residue was dried in vacuo over anhydrous magnesium perchlorate and was then 
extracted eight times with 40 ml. portions of chloroform. The combined chloroform 
extracts were evaporated at room temperature to yield 0.244 g. of product (24.9%). 
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It was recrystallized from chloroform—hexane mixtures in the manner used to purify the 
product of photolysis. The dried crystals had characteristics as follows: M.p. 107—108°. 
Calc. for CsHioN2O3: N, 17.72%. Found: N, 17.7%. Equivalent weight for conversion 
to 1,3-dimethyluracil, 154.6; calc. 158. Mixed melting point with the purified product of 
photolysis of 1,3-dimethyluracil: 106—107°. 


Comparison of Product of Photolysis of 1,3-Dimethyluracil with Synthetic 1,3-Dimethyl-6- 
oxy-hydrouracil 

A 10-4 M aqueous solution of synthetic 1,3-dimethyl-6-oxy-hydrouracil was examined 
spectrophotometrically before and after treatment with hydrochloric acid (pH 1; 100°; 
5 minutes). The spectral changes that occurred are recorded as the difference spectrum 
in Fig. 3 where comparison is made with the corresponding data for the product of 
photolysis of 1,3-dimethyluracil. The agreement is within the experimental error through- 
out the range of wavelengths studied. 

The equivalent weight of either preparation for the conversion to 1,3-dimethyluracil 
was not significantly different from the theoretical value of 158, and the nitrogen con- 
tents are in close agreement with expectation. The mixed melting point did not differ 
from the melting point of the synthetic compound alone. Finally, in Fig. 6, are shown 
the X-ray powder diffraction patterns obtained for the two preparations. The agreement 
would appear to be complete. 


DISCUSSION 


The molecular weight estimations and the elementary analysis of the product of 
photolysis of 1,3-dimethyluracil reported earlier (6) are conclusive in indicating that the 
principal effect of light of wavelength 2537 A is to cause the addition of 1 molecule of 
water to 1 molecule of 1,3-dimethyluracil. The loss of the ultraviolet absorption band 
during irradiation and, more specifically, the inability of the reaction product to react 
with bromine water, provide strong evidence that the addition of water has resulted in 
the loss of the 5:6 double bond of the 1,3-dimethyluracil. 

It remained to be decided whether, on addition of the water, the OH group became 
attached at position 5 or position 6. The synthesis of 1,3-dimethyl-6-oxy-hydrouracil 
and its evident identity with the product of photolysis would appear to have settled this 
point. 

The dehydration of 1,3-dimethyl-6-oxy-hydrouracil by either acid or base catalysis 
is first order at constant pH. In the acid-catalyzed reaction, the linear dependence of 
the velocity constant on the hydrogen ion concentration implies that the rate-determin- 
ing reaction is the combination of a molecule of the compound with a proton. This is then 
followed, presumably, by the rapid loss of H;O* with the formation of the 5:6 double 
bond. It may be noted that this double bond is conjugated with the carbonyl group 
at position 4 and that this acid-catalyzed reaction is evidently analogous to the well- 
known, acid-catalyzed, reversible addition of water to such conjugated systems (4). 
The analogy may be made clearer if we write just that portion of the pyrimidine ring 
involved: : 


| | | | 
HC—CH.—C—0 + H+ — HC—CH:—C=0 — 
OH OH: 
+ 


| | 
HC=CH—C=0 + H,0*. 
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The activation energy of the over-all reaction was found to be 22.6 kilocalories per 
mole at pH 4.76. This is near the lower end of the range of activation energies for the 
dehydration of 6-hydroxy-carbonyl compounds observed during the extensive studies 
of H. J. Lucas and co-workers (8-11, 13). 
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A QUANTITATIVE INFRARED SPECTROMETRIC STUDY OF 
MOLECULAR ASSOCIATION IN ALCOHOLS! 


ADOLF Ens’ AND F. E. Murray? 


ABSTRACT 
The absorption spectra of methanol, ethanol, isobutanol, tert-amyl alcohol, and octanol-2 
were studied in the wavelength region of the first harmonic of the O—H vibration. The data 
obtained were used in each case to calculate the number of monomers combined to form an 
association polymer and the equilibrium constant for the association reaction in carbon tetra- 
chloride solution. It was found for all alcohols studied that the association number was 
between three and four. 


INTRODUCTION 

A number of attempts have been made to estimate the association number for various 
alcohols using cryoscopic measurements (2, 3) and infrared spectroscopy (1, 4, 7, 8, 9). 
In the spectroscopic work, it was found that the O—H vibration of alcohols yields a 
single sharp band at low concentrations of the alcohol. As concentration is increased, 
absorption at the wavelength of this sharp band increases very slowly but a diffuse 
polymer band appears at a slightly longer wavelength. The magnitudes of the two 
bands are measures of monomer and polymer concentration in the solution. 

Results by several authors (11, 13) have indicated that in alcohol solutions at high 
concentrations, the alcohol exists as a cyclic polymer. If a cyclic association polymer 
(ROH), is formed by combination of monomer molecules, the over-all reaction may 
be written 

nROH & (ROH), 


where 7 is the number of monomers in the ring. If C; and C2 are the concentrations in 
moles per liter of monomer and cyclic polymer respectively, the equilibrium constant 
for the above reaction is 

[1] K = (C2 C.)*. 

Since A is a constant, the association number 7 is given by the relation 


[2] n = d log C2/d log Ci. 


From equation [2], » could be obtained if C; and C, were known for a number of total 
alcohol concentrations. 

According to Beer’s law, the concentration of monomer is related to the spectral 
absorbance by the equation 


[3] Ci = a/hki 


where k; is the absorption coefficient and a the absorbance for the monomer. An equation 
similar to [3] involving C2 and kz applies to the polymer. It is, however, impossible to 
obtain ke and some workers have assumed k» equal to k; to facilitate calculation of n. 
Errera and Sack (5) and Smith and Creitz (12) interpreted their results to indicate 

1Manuscript received October 22, 1956. 

Contribution from the Department of Chemistry, University of Manitoba, Winnipeg, Manitoba. 

2Holder of a Bursary from the National Research Council of Canada. 


3Present address: British Columbia Research Council, University of British Columbia, Vancouver 8, British 
Columbia. 


170 








ENS AND MURRAY: SPECTROMETRIC STUDY 171 


formation of dimers as well as higher polymers of indefinite size in the alcohols which 
they studied. . 

In this study, the concentration of polymer was obtained by difference (10) and 
obtained by a graphical method. The effects of molecular size and shape on the values 
of m and K were investigated by studying a group of five alcohols which varied in mole- 
cular weight and contained primary, secondary, and tertiary types. All measurements 
were made using a Beckman DK-1 recording spectrophotometer which yielded excellent 
quantitative results. 

An expression for » was obtained in the following way: The total concentration C 
of the solute based on the molecular weight of the monomer is 


[4] C= Ci + nC, 
where it is assumed that the concentrations of the intermediate species are negligibly 
small. From equations [1] and [4], 
KCi" = (C — Ci)/n 
and using equation [3] 
(5] K(a/ki)" = (C — a/ki)/n. 
In logarithmic form, equation [5] becomes 
[6] ~ log(C — a/ki) = n log a — n log k, + log Kn. 
If K, ki, and n are constants, then 
[7] n = d log(C — a/k,)/d log a. 


The association number is obtained from the slope of a straight line plot of log(C — 
a/k,) against log a. 

In general, the assumptions involved in the present study are those made by Mecke 
(10). Mecke’s treatment is applicable to an assortment of polymer sizes whereas the 
present simplified treatment assumes that there are two stable species in the solution, 
the monomer and the cyclic end-product of polymerization. Mecke was able to calculate 
n at a chosen concentration while the values obtained here are averages over a range 
of concentrations. Peak heights are used throughout to measure monomer concentration. 


EXPERIMENTAL 

All measurements were made at room temperature using a Beckman model DK-1 
recording spectrophotometer with quartz optics and 1 cm. cells. The solvent, carbon 
tetrachloride, was Eastman’s spectro grade and showed no absorption against air in 
the wavelength range studied. The alcohols were generally of the best grade obtainable 
and were further purified before use by distillation through a column of 15 theoretical 
plates. Absolute ethanol was prepared by a standard method as given by Fieser (6). 
The absorbance values obtained were found to be readily reproducible. 


RESULTS 
Fig. 1 shows the absorbance of carbon tetrachloride solutions of methanol at the 
concentrations 0.16, 1.24, 2.47, and 4.95 moles per liter. The monomer absorption peak 
appears at 1413+3 mu, with the diffuse polymer band appearing at concentrations above 


0.16 molar and at slightly longer wavelengths. Figs 2, 3, 4, and 5 show similar results 
for ethanol, isobutanol, tert-amyl alcohol, and octanol-2 at the indicated concentrations. 
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Fic. 1. Absorption spectra of methanol in carbon tetrachloride solution at concentrations of 0.16, 1.24, 
2.47, and 4.95 moles/liter. 
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Fic. 2. Absorption spectra of ethanol in carbon tetrachloride solution at concentrations of 0.11, 0.43, 
1.70, and 6.82 moles/liter. 

Fic. 3. Absorption spectra of isobutanol in carbon tetrachloride solution at concentrations of 0.14, 
0.27, 1.08, and 4.32 moles/liter. 

Fic. 4. Absorption spectra of tert-amyl alcohol in carbon tetrachloride solution at concentrations of 
0.23, 0.92, and 3.67 moles/liter. 

Fie. 5. Absorption spectra of octanol-2 in carbon tetrachloride solution at concentrations of 0.08, 0.63. 
and 2.52 moles/liter. 
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Fics. 6-8. Absorbance of the monomer species of methanol and octanol-2 (Fig. 6), of ethanol and 
isobutanol (Fig. 7), and of tert-amyl alcohol (Fig. 8) as a function of the total concentration of alcohol in 
carbon tetrachloride solution. 


Figs. 6, 7, and 8 show the absorbance due to monomer as a function of the total con- 
centration of the alcohol present. From these curves, values of k:, the absorption co- 
efficients for the monomer species, were obtained for each alcohol. As shown in Figs. 1 
to 5, the polymer absorption band is very small at low concentrations. When the solution 
is extremely dilute, only monomer is present so that k, for each alcohol will be the slope 
of the concentration—absorbance curve when the concentration approaches zero. Values 
of k; obtained for each of the alcohols studied are given in Table I. 
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TABLE I 
Wavelength of free 
O—H band 
Alcohol (mp) ky n K 

Methanol 1413+3 1.41 3.83 18 
Ethanol 1417+3 1.30 3.54 11 
Isobutanol 1415+3 1.50 3.66 12 
tert-Amyl alcohol 1424+3 1.24 3.51 1.0 
Octanol-2 142143 1.69 o.47 7.6 





In Fig. 9, log @ is plotted against log(C — a/k) for each of the alcohols studied. 
Values of n obtained from the slopes of these lines are given in Table I. Using the calcu- 
lated values of k; and n as in Table I, A’s were obtained by extrapolating the straight 
lines in Fig. 9 to log @ equals zero and substituting into equation (6). The equilibrium 
constants obtained are given in Table I. 
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Fic. 9. Dependence of log a on log(C — a/k) for all of the alcohols investigated. © Methanol, @ 
ethanol, O ¢ert-amyl alcohol, © octanol-2, @ isobutanol. 


DISCUSSION 


Equilibrium constants obtained indicate that the fraction of monomer in the asso- 
ciated form decreases sharply from methanol to the next primary alcohol. There is little 
difference in K values between ethanol and isobutanol, but the value drops considerably 
for the large secondary alcohol octanol-2. As might be expected, the value of A for the 
tertiary alcohol was much smaller than for the primary and secondary ones. 

Despite the fact that the fraction of the alcohol in the associated form changes sharply 
in passing from methanol to fert-amyl alcohol, the association numbers for the two 
alcohols are almost the same. This seems to indicate that there is one polymer structure 
common to all the alcohols studied. This is most likely a ring structure as proposed by 
Pauling (11) which would impose an upper limit on the association number. Values of 1 
obtained will be slightly high owing to neglect of the intermediate species in the poly- 
merization reaction. On the other hand, values of m will be lower than they should be if 
there is any overlap of the polymer and monomer absorption bands. According to 
Mecke (10), no overlapping occurs. The most probable ring structure for methanol 
appears to be one containing four monomers as proposed by Weltner and Pitzer (13), 
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rather than three, the value obtained by Mecke (10). There is no indication from this 
work that a hexameric ring is formed for any of the alcohols studied as was suggested 
by Pauling (11). 
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SEARCH FOR SUCCESSIVE NEUTRON CAPTURE REACTIONS 
ON Mg?*, Si?*, AND Crs? 


L. P. Roy? anp L. YAFFE 


ABSTRACT 


Stable nuclides exposed to intense neutron fluxes may produce second order reactions by 
successive capture of two neutrons. This method has been applied in the present work in an 
attempt to determine the pile neutron capture cross section of three unstable nuclides, 
namely: Mg?’, Si!, and Cr®. A maximum value of 0.04 barn has been obtained for the cross 
section of Mg??. Assuming that Si*® and Cr®¢ are long-lived, minimal ratios of 600 and 270 
years/barn respectively were obtained for 4 Si®/oSi® and #4 Cr°®/oCr®, 


A. INTRODUCTION 


In a sample exposed to a strong neutron flux there may be an appreciable chance that 
a nucleus that has already captured one neutron will capture a further neutron. The 
intermediate product may be radioactive and, as has been outlined in a previous paper 
(5), cross sections of several unstable nuclides have been measured in this manner. 

We have attempted to determine the neutron capture cross sections of the unstable 
nuclides Mg?’, Si*!, and Cr®* in the following manner. When magnesium is bombarded 
with neutrons the following reactions will occur: 


Mg*é (11.3% of natural magnesium) 


Li, ¥) “ 


Mg?? —_> Al” 
9.5 min. 


| 7) (n, y) 
B- v B- 


Mg*8 —_—> Al’ ———» _ Si* (stable) 
21.3 hr. 2.3 min. 

Mg?’ has previously been produced only in charged particle reactions and in a reactor 
by the use of the (¢, p) reaction (1, 2, 4+, 6, 7). (The tritons were produced by the (n, a) 
reaction on Li®.) 

The Mg?’ in our experiment was to be detected by measuring the Al** daughter. 

Similarly if silicon were bombarded in a high neutron flux, the following reactions 
would take place. 


Si*° (3.1% of natural silicon) 


Lin, 7) 


> Si3 —— P®! (stable) 





157 min. 
(n, y) | (n, 7) 
Y 87 » a- 
Si® —>_—p® ———> S* (stable) 


14.5 days 
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When this investigation was begun Si** was unknown. It was recently reported (3) 
as a spallation product of chlorine. The half-life was calculated to be 710 years (on the 
basis of the amount of P** separated), assuming that the cross section for formation of 
Si*? was the same as that for the formation of Si*'. 

More recently Turkevich and Samuels (8) were able to detect the presence of P** 
2 years after the neutron irradiation of large amounts of silica. They calculated a value of 
600 years/barn for the ratio of the half-life of Si*® to the neutron capture cross section 
of Si*!. Consequently this would lead one to expect a value of about 1 barn for the neutron 
capture cross section of Si*!. 

In this experiment attempts were made to detect Si** by the measurements of radiations 
from the daughter product P*?. 

Similarly with chromium the following reaction would be produced: 


Cr (2.4% of natural chromium) 


1(n, 7) : 
Crs ——> Mn*® (stable) 
3.6 min. 


»Y) , 
- pe {(n 7) 


r%6 — > _S—s— Mn ——>  Fe' (stable) 
2.58 hr. 


The production of Cr®* has not been reported so that its decay characteristics are 
unknown. Attempts were made to detect the Mn°*® daughter. 

The differential and integrated equations which apply during a neutron irradiation of 
duration T have been discussed previously as well as the possible methods of determining 
the neutron capture cross sections of unstable nuclides (9). 


B. EXPERIMENTAL 
1. Magnesium—Aluminum System 

Samples of about 2 grams each of spectroscopically pure magnesium oxide were sealed 
in small quartz ampoules and irradiated either in the NRX nuclear reactor at Chalk 
River or in the Materials Testing Reactor at Arco, Idaho, for a few days under intense 
neutron fluxes. After irradiation, the magnesium oxide was removed from the quartz 
ampoule, dissolved in 6 M hydrochloric acid, and scavenged many times with copper 
sulphide. Magnesium hydroxide was precipitated with 6 M sodium hydroxide after 
addition of sodium and potassium holdback carriers. The magnesium was dissolved in 
6 M hydrochloric acid, scavenged again with copper sulphide, and reprecipitated with 6 
M sodium hydroxide. The cycle was repeated five times. Finally the precipitate was 
dissolved in 6 M hydrochloric acid and a known amount of aluminum carrier was added 
to the solution which had been buffered with 1 to 2 g. of ammonium chloride. After the 
secular equilibrium Mg?’ — Al** had been established, the aluminum was precipitated 
with 6 M ammonium hydroxide. 

The aluminum hydroxide was dissolved in 6 N hydrochloric acid and diluted, mag- 
nesium carrier was added, the solution was buffered with ammonium chloride, and 
aluminum hydroxide reprecipitated. The precipitate was redissolved and 5 ml. of a 25% 
potassium iodide solution and 5 ml. of a saturated potassium iodate solution added. 
The solution was decolorized by the addition of 1 or 2 ml. of a 20% sodium thiosulphate 
solution. The precipitated aluminum hydroxide was washed with hot 2% ammonium 
nitrate solution. (This procedure was adopted since it gave a precipitate which settled 
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readily.) The precipitate was mounted on an aluminum tray and the activity determined 
by means of a calibrated end window Geiger—Miieller counter. 

The above procedure could not be done in less than 10-12 minutes (4-5 half-lives of 
Al’’). As a result further attempts were made to detect the Al** in equilibrium with highly- 
purified Mg**. The irradiated magnesium oxide was leached with water until successive 
extractions showed no appreciable activity. The magnesium was now purified by repeated 
sulphide and hydroxide scavenges and magnesium ammonium phosphate precipitations. 
The Al** was now allowed to grow. The 8 rays from Mg*® have a maximum energy of 
0.45 Mev., while those from Al** have a maximum energy of 2.9 Mev. Thus Al*® may be 
measured in the presence of Mg?® by differential absorption. 


2. Silicon—Phosphorus System 

Spectroscopically pure and enriched samples of silica were sealed in quartz ampoules 
and irradiated either in the NRX heavy water reactor at Chalk River or in the MTR 
at Arco for a few weeks. The irradiated silica was dissolved in boiling 6 WV sodium hydrox- 
ide. The solution was treated with 6 M nitric acid and then evaporated to dryness in 
order to precipitate the silica. The residue was taken up with dilute nitric acid and centri- 
fuged. The resulting solution was then evaporated twice more in order to precipitate the 
silica quantitatively. The cycle was repeated many times until there was no trace of 
P%?, which had been formed during the irradiation. The radiochemically pure silica 
samples were then allowed to stand for 4 to 6 weeks after addition of a known amount 
of phosphorus carrier. After this time, the phosphorus was precipitated as zirconium 
phosphate, the zirconium precipitate was dissolved in hydrofluoric acid and the solution 
scavenged many times with lanthanum fluoride and arsenic sulphide precipitations. 
The phosphorus was precipitated as ammonium phosphomolybdate, then converted to 
zirconium phosphate. The cycle was repeated many times. The phosphorus was finally 
converted to ammonium magnesium phosphate and any P*® activity determined with a 
calibrated Geiger—Miieller counter. 
3. Chromium—Manganese System 

Spectroscopically pure and enriched samples of chromium oxide were irradiated either 
in the NRX nuclear reactor at Chalk River or in the MTR at Arco for a few weeks. 
The chromium oxide was dissolved by fusion with sodium peroxide in a nickel crucible 
and the solution scavenged with copper sulphide. The chromium was reduced to the 
+3 state with a few drops of hydrogen peroxide, precipitated as chromium hydroxide, 
dissolved in concentrated nitric acid, and oxidized to the +6 state with solid potassium 
chlorate. The chromate was converted to the perchromic acid by treatment with hydrogen 
peroxide, the solution being kept near the freezing point, and extracted with cold ethyl 
ether. The chromium was reoxidized to the chromate state and precipitated as barium 
chromate which was dissolved in concentrated nitric acid. The solution was scavenged 
with manganese dioxide. To the pure chromium solution was added a known amount 
of manganese carrier and the solution allowed to stand for one day before the manganese 
was separated. The solution was reduced with hydrogen peroxide and oxidized with solid 
potassium chlorate in concentrated nitric acid. Under these conditions the chromium 
was oxidized to the soluble chromate while the manganese was carried down as manganese 
dioxide which was subsequently purified by reduction and oxidation steps in presence of 
inactive chromium carrier. The radiochemically pure manganese dioxide was finally 
transferred to an aluminum tray and any Mn* activity determined by means of a cali- 
brated Geiger—Miieller counter. 
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C. RESULTS 


No activity in the separated aluminum samples which could be definitely assigned to 
Al?® was found. A maximum activity of 3.5 counts/minute after a decontamination 
factor of about 10* was detected above the natural background (20 counts/minute). 
If the various corrections (decay, chemical yield, counter efficiency, absorption, etc.) 
are made to convert this to the disintegration rate at the time of separation (a factor of 
~200) then a maximum cross section of 0.1 barn results for Mg?’. 

In the second method (measurement of Al** arising out of the equilibrium) an activity 
of 2 counts per minute over the natural background was obtained by the end window 
G-M. counter through an aluminum absorber having a thickness of 339 mg./cm?. 
After the various corrections were made if this activity were all attributable to Al, a 
maximum value of 0.04 barn is obtained. 

Similarly the amounts of P*? and Mn** activity were so small that only maximum 
amounts could be attributed to these nuclides. Again, after a decontamination factor of 
about 10°, activities of only 2-5 counts/minute above the natural background were 
found. Assuming that Si*? and Cr*® are long-lived, minimum values of 600 and 270 
years/barn were found for the ratios 4 Si**/¢ Si®! and ty Cr®*/o Cr®* where the symbols 
ts and o refer to half-life and neutron capture cross section respectively. The values 
quoted are the best values obtained, i.e. from experiments where the neutron flux was 
highest (~2X10'4 m./cm.?/sec.). The value of 600 years/barn agrees with that found by 
Turkevich and Samuels (8). 
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THE REACTION OF NITROMETHANE WITH FLUORENONE AND BENZOPHENONE IN 
POLYPHOSPHORIC ACID 


F. A. L. ANnetT, P. M. G. Bavin,! AnD M. J. S. DEWAR 


In an attempt to prepare 9-fluorenylidenenitromethane,* regarded as a_ possible 
intermediate for 9-nitrophenanthrene, fluorenone and nitromethane were heated to 
190° with polyphosphoric acid. The product was fluorenone oxime, isolated in excellent 
yield. Whilst most oximes are rearranged to amides by polyphosphoric acid below 
120°, it has been shown that fluorenone oxime rearranges only at 180° (5). The dis- 
crepancy with our result is probably due to differences in the composition of the poly- 
phosphoric acid. Horning (5) apparently used commercial polyphosphoric acid whilst 
we used a mixture of two parts of sirupy phosphoric acid to one of phosphorus pentoxide. 

Later experiments showed that nitromethane was hydrolyzed to formic acid and a 
hydroxylamine salt by polyphosphoric acid (cf. 12). Oximation of fluorenone occurred 
equally readily when hydroxylamine hydrochloride replaced the nitromethane. Since 
oximes are generally prepared in basic media or weakly acidic buffers (4) this method 
may provide a useful alternative, especially for stable ketones which, like fluorenone, 
are otherwise unreactive. 

Under these conditions, benzophenone gave an excellent yield of benzanilide, using 
either nitromethane or hydroxylamine hydrochloride. Snyder, Elston, and Kellom (11) 
have reported the formation of aniline by the reaction of benzophenone with hydroxyl- 
amine hydrochloride in polyphosphoric acid at 160°, a reaction which probably proceeds 
via benzophenone oxime and benzanilide. Here, again, the variation in the products 
obtained may be due to differences in the composition of the polyphosphoric acid. By 
raising the reaction temperature to 250°, fluorenone gave phenanthridone directly and 
in good yield (cf. 5). 

The ready accessibility of fluorenone oxime by this method suggests its use as an 
intermediate. A suitable procedure for its conversion to V-acetyl-9-fluorenylamine and 
9-fluorenylamine hydrochloride is described. Fluorenone oxime-O-tosylate failed to 
undergo ring-expansion during formolysis, this behavior paralleling that of 9-fluorenylid- 
enemethyl tosylate (1). 

Attempts to prepare 9-fluorenylidenenitromethane by base-catalyzed condensation 
of fluorenone with nitromethane failed (cf. cyclohexanone (6)). 


EXPERIMENTAL 
The spectra were taken with a Beckman DK-2 Spectrophotometer. Melting points 
are uncorrected and were obtained with a Leitz hot-stage microscope. 
Fluorenone Oxime 
A solution of fluorenone (40 g.) in nitromethane (40 ml.) was added dropwise with 
shaking to polyphosphoric acid (250 ml.) at 190-200°, in a flask equipped with an efficient 


1National Research Council Postdoctorate Fellow, 1954-56. Present address: Chemistry Department, The 
Ohio State University, Columbus 10, Ohio, U.S.A. 
*A reported preparation of this compound seems to be ambiguous (13). 
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reflux condenser. The rate of refluxing rapidly diminished and after half an hour the 
dark solution was poured onto crushed ice. The solid which precipitated was collected, 
washed, and dissolved in a warm solution of potassium hydroxide (60 g.) in water (400 ml.). 
After it was stirred with Norite, the solution was filtered through a layer of Celite on a 
sintered plate and the filtrate acidified with dilute hydrochloric acid. The solid was 
collected, washed, and dried at 110° and then crystallized from xylene, giving long 
yellow needles, m.p. 198° (36 g.) (reported m.p. 195° (14)). Found: C, 79.76; H, 4.52; 
N, 6.97%. Calculated for C:;HyNO: C, 79.98; H, 4.65; N, 7.17%. 

The oxime showed an OH stretching band at 2800 cm.—!, (CS, solution). Its acetate 
crystallized from hexane as pale yellow needles, m.p. 79-80° (reported m.p. 79° (9)). 
The O-methyl ether formed bright yellow blades from methanol, m.p. 149-150° (reported 
m.p. 145-146° (9)). 

The tosylate, yellow needles from benzene-hexane, m.p. 168-170°, was recovered 
unchanged after boiling under reflux for 24 hours with 93% formic acid. 

Fluorenone oxime was recovered unchanged after prolonged boiling with formic 
acid. Attempts to induce it to enter the Diels-Alder reaction with excess maleic anhy- 
dride also failed (cf. 9-fluorenylidenemethane (2)). Its acetate could not be cyclized by 
a wide variety of reagents, tars or unreacted material being recovered. 

Nitromethane was added dropwise to polyphosphoric acid maintained at 200°. After 
half an hour, the reflux condenser was replaced by a distilling head. The distillate which 
collected was shown to be formic acid. , 

Fluorenone oxime was prepared equally readily and in the same yield when nitro- 
methane was replaced by hydroxylamine hydrochloride. 


Benzanilide 


The preparation was carried out as described for fluorenone oxime, using either nitro- 
methane or hydroxylamine hydrochloride. Crystallization from aqueous ethanol (Norite) 
gave colorless plates, m.p. and mixed m.p. 163-165° (91%). 


Phenanthridone 

The fluorenone oxime preparation was repeated at 250-255°. The product was crystal- 
lized from ethanol (Norite), giving slightly yellow needles (67%), obtained colorless 
after one sublimation, m.p. 300-301° (reported m.p. 295° (7)). 


Derwwatives of 9-Fluorenylamine 

Hydrogenation of fluorenone oxime over palladized charcoal gave a product smelling 
strongly of ammonia. The following procedure was used: Fluorenone oxime (5 g.) was 
dissolved in ethanol (200 ml.) and the solution saturated with dry ammonia. Palladium 
on charcoal (10%, 0.3 g.) was added and the mixture hydrogenated at 60 p.s.i. for 24 
hours. After it was filtered through Celite, the solution was evaporated to give a greenish 
semisolid mass. This was warmed for a few minutes with acetic anhydride (10 ml.) and 
then boiled with water. The solid was collected and crystallized from xylene, giving long 
silky needles, m.p. 278° (3.9 g.). It sintered at 260° (reported m.p. 261° (10)). Found: 
C, 80.76; H, 5.76; N, 6.52%. Calculated for CisHi3;NO: C, 80.69; H, 5.87; N, 6.27%. 
The ultraviolet spectrum closely resembled that of fluorene: 


A max 304, 293, 268, 258, 233 my; 
log € 3.79, 3.82, 4.37, 4.37, 4.33. 
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Thus this product is N-acetyl-9-fluorenylamine, and not a derivative of 9-iminofluorene. 

The preceding N-acetyl compound was hydrolyzed by boiling under reflux for 24 hours 
with ethanolic hydrochloric acid. On cooling, prismatic needles of 9-fluorenylamine 
hydrochloride (87%) separated, m.p. 215° with transition to plates, which finally melted 
at 238-240° (reported m.p. 257° (8)). It was obtained less easily directly from the amine. 
Its ultraviolet spectrum also resembled that of fluorene. 

Several attempts were made to diazotize 9-fluorenylamine hydrochloride, a mixture of 
dioxane and sulphuric and acetic acids being used as solvent. The solution showed a 
characteristic ultraviolet spectrum at the end of the reaction, having a well-resolved 
low intensity band system: 


max 389-0, 365.7, 352.8, 341.0, 330.2, 320.2 mu; 
Relative intensities 15, 43, 63, 61, 47, 33. 


Attempts to isolate this product failed, since it was apparently formed in small yield. 
Its ultraviolet spectrum resembles that of fluoranthene more than that of phenanthrene 


(3). 


Attempts to condense fluorenone with nitromethane in ethanol or methanol, and in 
the presence of base (sodium or potassium hydroxide or alkoxide), gave only tars and 
unreacted fluorenone (cf. 6). 
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